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[EXTRACT FROM THE ANNUAL REPORT OF THE CHIEF OF ENGINEER B 
TO THE SECRETARY OF WAR.] 

Office of the Chief of Engineers, 

United States Army, 
Washington, D. 0., September 23, 18dl. 



MISSISSIPPI RIVER COMMISSION. 

Coramissioners, Ool. 0. B. Comstock, Corps of Engineers, President; 
Lieut. Ool, Chas. R. Suter, Corps of Engineers; Maj. O. H. Ernst, Corps 
of Engineers ; Henry L. Whiting, Assistant, U. S. Coast and Geodetic 
Survey ; B. M. Harrod, Robert S. Taylor, and Henry Flad. 

The Mississippi River Commission, organized under the provisions of 
the act of Congress of June 28, 1879, reports to and receives instruc- 
tions from the Secretary of War through this office. 

The report of the Commission for the fiscal yearending June 30, 1891, 
relating to surveys of the river, works of construction, and improvement 
between the mouth of Ohio River and the head of the Passes, etc., is 
submitted as Appendix Z Z. 

The estimate of funds required for the service of the Commission for 
the fiscal year ending June cJO, 1893, is stated in the above mentioned 
report, as follows : 

ESTIMATE OF FUNDS FOR THE MISSISSIPPI RIVER COMMISSION FOR THE FISCAL YEAR 

ENDING JUNE 30, 1893. 

For improviD^ Mississippi River from head of the Passes to the mouth of 
the Ohio River, includiiig salaries, clerical, office, traveliii|y, aud mis- 
cellaneous expenses of the Mississippi River Commission; for the build- 
ing of levees, and for purveys from the head of the Passes to the head- 
waters 86,000,000 

For work at harbor of— 

Memphis 25,000 

Greenville 350,000 

Vicksbnrg 175,000 

Natchez 350,000 

New Orleans 200,000 

For rectification of Red and Atchafalaya rivers 350, 000 

• • • * • * . • . 

Ill 
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.ANKUAL BEPOBT OF THE MISSISSIPPI RIVER COMMISSION FOR THE 
FISCAL YEAR ENDING JUNE SO, 1891, 

The Mississippi Eivee Commission, 

President's Office, 
New ^or^•, July 17, 18fil. 
Sib: The Mississippi Eiver Commission has the honor to submit this 
its annual report for the fiscal yeiir ending June 30, 1891. 

At the date of its last annual report all operations in tlie field, whether 
of construction or of survey, were, with some small exceptions, sus- 
X>ended for want of funds. The river and harbor act of September 19, 
1890, provided for— 

ImproTing Mississippi Biver from the Head of the Passes to the month of the Ohio 
River, including salaries, clerical, office, traveling, and miscellaneous expenses of 
the Mississippi Biver Commission : Continuing improvement, $3,200,000, which sum 
shaU be expended under the direction of the Secretary of War in accordance with 
the plans, specifications, and recommendations of the Mississippi River Commission, 
for the general improvement of the river, for the building of levees, for surveys, in- 
clnding the survey from the Head of the Passes to the headwaters of the river, for 
the work at the harbors at Hickman, Ky., at New Madrid, Mo., at Helena, Ark., at 
Greenville, Vicksburg, and Natchez, Miss., at New Orleans, La., at the head of the 
Atchafalaya and the mouth of the Bed River, and at other localities, in such man- 
ner, to such extent, and in such proportion as in their opinion shall best promote the 
interests of commerce and navigation: Provided^ That the amount expended from 
such sum for work at the harbors aforesaid shall not exceed $600,000, and the amount 
expended at the h^d of the Atchafalaya and the mouth of Red River for the rectifi- 
cation thereof, pursuant to the plan heretofore adopted, including keeping open a 
navigable channel through the mouth of Red or Old River into the Mississippi River, 
shall not exceed $250,000. 

The language above quoted makes several changes in the legislation 
under which the Commission has been acting, the most important of 
which is the removal of restrictions as to the building of levees. The 
appropriation was allotted as follows, viz: To levees, $1,200,000; to 
works of channel improvement, $1,239,000; to surveys and examina- 
tions, salaries, and expenses of Commission, $225,000; to harbors, in- 
cluding Eed and Atchafalaya, $536,000. 

Subsequently, by a joint resolution dated March 3, 1891, Congress - 
provided a further appropriation, as follows, viz : 

That the sum of $1,000,000 is hereby appropriated, to be paid out of any money in 
the Treasury not otherwise appropriated, for the improvement of the Mississippi 
River from the Head of the Passes to the mouth of the Ohio River, which sum shaU 
be immediately available and shall be expended under the direction of the Secretary 
of War in accordance with the plans, specilications, and recommendations of the 
Mississippi River Commission : Provided, That no portion of this appropriation shall 
be expended to repair or build levees for th# purpose of reclaiming lauds or prevent- 
ing ix^ory to lands or private property by overflows : Provided, however, That the 
Commission is authorizecl to repair and build levees, if in their judgment it should 
be done, as part of their plans, to aiford ease and safety to the navigation and com- 
merce of the river and to deepen the channel : Provided, further, That the office, 
clerical, and traveling expenses, and salaries of the Mississippi lliver Commission 
may be paid from this appropriation. 

9397 
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The Commission being doubtful of its authority to recommend the use 
of this later appropriation for levees in some parts of the river where 
levee work had been be^jun and where further work was deemed essen- 
tial, the siun of $250,000 was withdrawn from the previous allotments 
to works of channel improvements, and reallotted to the protection of 
existing levees from danger threatened by high water. This sum was 
replaced from the latter appropriation, and the remaining $750,000 was 
then alloted as follows, viz, to works of channel improvement, $650,000, 
and to harbors $100,000. Subsequently the ne(5essity of extensive 
works at Memphis wa.s developed, and $105,000 was withdrawn from 
works of channel improvement and added to the allotment for harbors. 

The total amount, $1,450,000, allotted to levees was distributed as 
follows, viz: 

Second District — 

Upper Misalsaippi Levee District $106,250 

Wfcito River Basin 192,500 

Third District- 
Lower Mississippi Levee District - 230,750 

Tensas Basin in Arkansas ! 237, 500 

Tensas Basin in Louisiana 129, 062 

Fourth District — 

Tensas Basin 250,500 

Right bank below Red River 174,260 

Left bank below Red River 118,188 

Local surveys and gauges 12,000 

1,450,000 

The total amount, $1,784,000, finally allotUnl to works of channel 
improvement, was distributed as follows, viz : 

First and Second Districts — 

Plum Point Reach $517,500 

Plant, First and Second District* 130,500 

Preservation of works, local surveys, and gaugos 30, 000 

Third District- 
Lake Providence Reach 390,000 

AshbrookNeck 300,000 

Plant : 150,000 

Local surveys, gauges, etc 12, 000 

G oneral service 254, 000 

1,784,000 

The total amount, $741,000, finally allotted to harbors, was distributed 
as follows: 

First District — 

Hickman, Ky - $500 

New Madrid, Mo 1,000 

Second District- 
Memphis, Tenn. (for temporary work, dredginja:) 15, 000 

Memphis, Tenn. (for Hopofield Bend revetment) 90, 000 

Helena, Axk 22,500 

Third District- 
Greenville, Miss 200,000 

Vicksburg, Miss 85,500 

Fourth District — 

Natchez, Miss .• 1,500 

Red and Atchafalaya 225,000 

New Orleans, La 100,000 

741,000 

Operations were resumed a« soon as practicable after the first of these 
approiniations became available. 
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SURVEYS, GAUGES, AND OBSERVATIONS. 

In the general survey of the river fleld worlc was resumed in the 
spring of 1891. The trianguhition party began at Keokuk, Iowa, and 
worked northwiird. This party was also charged with the Establish- 
ment of lines of permanent bench-marks across the valley. By the end 
of the year it had reached a i)oint 4 miles above Burlington, Iowa, a dis- 
tance of about 50 miles ft'om the starting point. The triangulation is 
now completed from Donaldsonville, La., to this point. Two leveling 
parties were p!a4*.ed in tlie field. One began at St. Paul, Minn., and 
working southward, had at the end of the year reached Alma, Wis., a 
distance of about 95 miles. The other began at Duluth, Minn., and work- 
ing towards St. Paul, had at the end of the year reached beyond Stur- 
geon Lake, a distance of about 54 miles. The line of precise levels had 
in previous years been made continuous from Biloxi, Miss., to Savanna, 
Dl., and thence to Chicago, 111., connecting with Lake Michigan. The 
new work will eventually be connected with that line. It is expected 
that topographical pai*ties will take the field about the 1st of August, 
1891. The gauge at Grays Point, Mo., was reestablished, and the other 
gauges were kept up and read daily. 

In the oflftce good progress was made in the preparation of the detail 
charts, scale 1 :10,000, and of the topographical maps from Cairo north- 
ward, scale 1 inch to 1' mile. A profile of the Mississippi was prepared, 
showing the right bank and levees from Cairo, 111., to Donaldsonville, La., 
and the left bank with levees from Memphis to Vicksburg. Additional 
sheets, fifteen in number, of the 1 :20,000 charts were published, making 
seventy-one sheets in all which have now been published, covering the 
river from Donaldsonville, La., to Cape Girardeau, Mo. Ten sheets of 
a revised edition of the 1 inch to 1 mile maps, below Cairo, were also 
published. The recomputation of the discharge measurements made in 
1887-1889, and 1890, was completed, and recomputation of the discharge 
measurements made during th^e high water of 1891 was begun. The 
daily records of the gauges kept by the Commission, and of certain 
others kept under the Chief Signal Officer, and under Major Mackenzie 
and Captains Willard and Taber, of the Corps of Engineers, were re- 
ceived, tabulated, and printed. The record includes thirty gauges at 
various points upon the Mississippi River from Hastings, Minn., to Car- 
roUton, La., and twenty-two gauges upon ti'Ibutaries, and three upon the 
Atehafalaya. A hydrograph in three sheets, showing the stages of the 
Mississippi and its principal tributaries from St. Louis, Mo., to Carroll- 
ton, La., by 10-day means for about 20 years, was prepared, and an in- 
vestigation was made of what changes in depth, if any, had occurred 
at the head of the Passes. For details of this and of other work of a 
miscellaneous character, see report of Capt. Carl E. Palfrey, the secre- 
tary of the Commission, Appendix C. 

GENERAL SERVICE. 

The "general service" was originally established with headquarters 
at St. Lotus for the purpose of fiirnishing to the various districts such 
supplies as could not be procured within the limits of the districts and 
could not be conveniently obtained by the officers in charge of the dis- 
tricts by direct purchase. As the work advanced and markets were 
developed, the duties of this branch of the organization were gradually 
restricted, until of late years they have been limited almost exclusively 
to supplying stone from the upper part of the valley to the first, second, 



3400 REPORT OF THE CHIEF OF ENGINEERS, U. S. ARMY. 

and third districts. For several years past the office has been in the 
same biiihlinj^ with that of surveys, gauges, and observations, and has 
been managed by the same officer, the secretary of the Commission. 
Further steps towards consolidation of the two offices and a reduction 
of the clerical force were taken this year. 

There were shipi)ed to the first, second, andthird districts, 20,795 
cubic yards of stone. This includes a barge load lost, and a small 
(juantity en route at the end of the year. Extensive repairs were made 
to the fleet. It is now all in good serviceable condition, with the ex- 
cei)tion of the steamer Missiftsippi. That vessel will be repaired at an 
early day. For farther details see report of Captain Palfrey, Appen- 
dix C. 

COMMERCIAL STATISTICS.. 

Commercial statistic^a for the Civlendar year 1890 were collected. The 
tonnage of the vessels employed upon the river below Cairo, as regis- 
tereil at the custom-houses of Pittsburg, Cincinnati, and St. Louis, was 
125,257 tons. Information as to the quantity of freight brought from 
the middle Mississippi, above Cairo, is quite full, but as to that brought 
from the Ohio, it is incomplete. The total amount of river traffic be- 
low Cairo, for the year 1890, is estimated to be about 2,295,000 tons. 
For details see report of Captain Palfrey, and of the district officers, 
Appendices C, D, E, and F. 

FIRST DISTRICT. 

(Cairo to foot of Island No. 40, 220 miles.) 

fa) ColumJniSj Kentucky^ 21 miles below Cairo. — ^Work at this locality 
has been carried on under specific appropriations in the acts of 1880 
and 1888, amounting together to $43,750. The project provided for a 
revetment of five spur dikes to protect about 2,200 linear feet of bank 
\vhich was threatening to cave. At the beginning of the fiscal year two 
of the dikes had ]>een completed, and two more had been begun, but the 
work was sus])ended on account of high water. Work of construction 
was resumed in September and terminated in the following month, the 
funds being exhausted. The original project had been carried out, ex- 
cept that one of the spur dikes was not entirely completed. It was 
advanced sufficiently far, however, to accomplish what is required of it. 
The efficiency of the system is not impaired. No further appropriation 
for this lo(*ality is at present required. 

(b) Hickmanj Kentucky^ 86 miles below Cairo, — The acts of 1886 and 
1888 contain specific appropriations for this locality, amounting together 
to $88,750. The evil to be remedied was the caving of the bank in 
front of the town. Owing to the existence of a projecting point of 
tough clay a short distance above the landing, it was jwssible to accom- 
plish the desired result with an unusually small development of work. 
A continuous revetment about 1,000 feet long, extending downstream 
from the clay point, w^as placed in October, 1890. Except for some 
slight damage at the downstreiun end during the recent high water, it 
remains in good condition. No work was done this year. Above the 
clay i>oint ca\ing continues, but there appears to be no public interest 
which is suffering sufficiently to justify the large expenditure which 
would be required to perfect that portion of the bank. Should the clay 
point finally yield, then additional expenditures will be required to 
maintain the work now in place. The amount remaining unexpended at 
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the begiuiiiup: of the fiscal year Wiv^ $48,047.78. The War Department 
haviDg decided that the terms of the act of Sei)teniber 19, 1890, quoted 
in the beginning of this report, required an allotment to this locality, 
the som of $500 was allotted from the appropriation contained in that 
act. These two sums are now available. To protect the bank above 
the clay x>oint an additional appropriation of $110,750 will be required. 
It is not recommended. During the coming year a resurvey will be 
made and the locality will be watched, but it is -not expected that any 
considerable expenditures will be required. 

(o) Neiv Madrid^ Jtft««ottri. 71 miles below Cairo, — ^In obedience to the 
requirements of the act or September 19, 1890, as interpreted by the 
War Department, an allotment of $1,000 was made to this locality. It 
will be employed in making a survey during the coming low-water sea- 
son. There has been some caving of the bank in front of the town, 
which the inhabitants desire to have stopped. The Commission is un- 
able to recommend the diversion of any of the funds appropriated lor 
the general improvement of the river, to this purpose at this time. The 
project'Cd survey will furnish the data necessary for estimating the ex- 
tent and cost of the protection desired. 

(d) Plum Point Reach^ 147-186 miles below Cairo. — ^The works thus 
far undertaken in this reach, arranged geographically, beginning at 
the upstream end, are, 1. Daniels Point; 2. Ashport Bend revetment; 
3. Gold Dust dikes; 4. Fletchers Bend revetment; 5. dikes in chutes of 
Elmotlsland, and Island 30; 6. Plum Point revetment; 7. Plum Point 
dikes: 8. Osceola Bar revetment; 9. BuUerton revetment; 10. Osceola 
and Bullerton dikes. They are distributed over a length of about 20 
miles, some on one side and some on the other, of the river. They consti- 
tute one connected whole, each one being essential to the effectiveness of 
the others. The continued efficiency of all is dependent ui)on the main- 
tenance of the conditions as to approach of the river from above which 
obtained when they were planned. The order in which they were be- 
gun is different from the one just given, the object being first to obtain 
the desired results in the shape of a deepened channel and improved 
navigation, and then to maintain those results by repairs and exten- 
sions of the works themselves, and by the addition of such new works, 
higher upstream, as might become necessary. Thus the latest addition 
to the works is the one mentioned first on the above list, while the one 
which requires the heaviest expenditure from the late appropriations is 
the second. 

{d 1) Daniels Point revetment, — Eapid caving having developed in 
the long bend known as Canadian Eeach, of which Daniels Point is 
the foot, and there not being sufficient funds to undertake the protec- 
tion of tiie entire bend when the api)ropriation of 1888 became available, 
it was determined to protect about a mile of the downstream end. As 
rejwrted last year, a continuous revetment 5,300 feet long was placed. 
The revetment as a whole has stood well, but the bend above it has con- 
tinued to cave, giving to the upstream end of the revetment a salient 
position. It has suffered some damage at this point. To maintain it, 
it must be extended 500 or 600 feet upstream. It is projwsed to do that 
work during the coming year. 

(d 2) Ashport Bend revetment, — ^The protection of Ashport Bend was 
one of the first works projected in this reach. A short piece of revet- 
ment was placed in 1882, but more pressing demands for funds at other 
places has heretofore prevented a continuation of the work. Since that 
date the caving, though not rapid, has been progressing. The bank 
hag receded so far that it must now be held to avoid an iigiudouB change 
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in the action of all the works in the Plum Point Reach. Moreover, the 
caving has in parts of the bend recently become more active. Between 
October, 1890, and May, 1891, there was at one place a maximum reces- 
sion of 300 feet. It is proposed during the coming year to protect the 
entire bend with a continuous revetment of brush and stone. 

(d 3) Gold Dust dikes.— l^hib^ dikes, begun in 1882, had for their ob- 
ject to close the chute behind Elmot Island. No work has been done 
lipon them for several years, and none is proi>osed. Tbey have caused 
heavy deposits and have greatly restricted the chute, though they have 
not completely closed it. They have suffered the natural deterioration 
due to the circumstances of the case, and are now in a ragged condition. 
It is believed that the complete closure of that chute can be accom- 
plished by works in the lower or middle portion of it better than by a 
restoration of these dikes. 

{d 4) Fletcher Bend revetment — ^The protection of this bend was be- 
gun in 1884 and suspended in January, 1885, in an uniinished condition. 
Owing to restrictions contained in the 2Mt of 1886, by which expendi- 
ture of the funds appropriated in that act for works of bank protection 
were prohibited, this work could not be resumed until the autumn of 
1888. It had then suffered some damage, but the most serious result 
of the suspension was the change in the form of the bend. Unpro- 
tected parts had caved back, leaving protected parts in a salient, and 
making the shape of the bend so awkward that it was deemed exi)edient 
to sacrifice the work protecting one of these salients. Nothing has been 
done here since September, 1889. The protection now consists of one 
piece of continuous revetment 7,800 feet long, beginning at the upstream 
end of the bend, then an interval 3,800 feet long of unprotected bank, 
and of four detached blocks of revetment, ea<,*h about 1,100 feet long, 
near the downstream end of the bend. The latter are separated from 
each other by intervals of 300, 400, and 500 feet. They have been con- 
structed in this manner as an experiment. The total length of bank 
from the extreme upper to the extreme lower end of the work is 17,200 
feet. It is proposed during the coming year to extend the continuous 
revetment downstream so as to close the interval of 3,800 feet. There 
has not as yet been any great strain upon the experimental system of 
interrupted revetment, and it has accordingly not been demonstrated 
that the intervals purposely leffc there must be closed. . 

(d 5) Bikes in chutes of Elmot Island and Island 30. — ^These dikes, 
begun in 1889, were designed to complete the closure of the chute be- 
hind Elmot Island, thus supplementing the Gk)ld Dust system {d 3). 
The Elmot Chute being divided near its lower end into two chutes by 
Island 30, two dikes were required, and they have been named as above, 
though in effect one is but a continuation of the other. In the last an- 
nual repoi-t they were reported, on June 1, 1890, to be within a few days 
of completion. A few days later a break occurred in the Island 30 Dike. 
It was repaired in July. In November a break occurred in the Elmot 
Dike. It was repaired during the winter. In February bad breaks 
occurred in both dikes, and in March another break in the Elmot Dike. 
All this appeared to demonstrate that permeable dikes were not well 
adapted to this locjility, that is, to a large arm of the river where the 
obstruction must extend from one bank to the other and no means of 
escape could be provided for the masses of drift entering it. Great dif- 
ficulty had previously been experienced with dikes built to the height 
of a medium stage. Drift accumulatin g in large masses and lifted above 
the dike with the rising river would often lift the dike with it, or in any 
event would exert greater destructive power than when resting against 
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it. The great height given to these dikes was adopted with the hope 
that by preventing drift from running over them they might be relieved 
from that source of danger. They were given extra strength to enable 
them to resist the greater direct pressure. But it appears that the 
strength is not sufficient, and that to make it so will increase the cost 
above that of other methods of accomplishing the desired object. It is 
proposed, therefore, to not repair these dikes fiirther, and to build dur- 
ing the coming year a low solid dam of brush mattresses ballasted with 
stone, to complete the closure of the chute. The dikes have neverthe- 
less contributed towards that object by causing considerable deposits. 

{d 6) Plum Point revetment. — Some local caving having begun on the 
upstream side of Plum Point, a short piece of revetment 8(^ feet long 
was placed there in 1889. It remains generally in good condition, the 
slight damage at its downstream end not having impaired its efficiency. 
Nothing was done during the year, and it is not at present evident that 
anything will be required during the coming year. 

(d 7) Plum Point diJces. — These dikes, begun in 1883, have required 
but little attention since 1885. They are buried in deposits, and have 
fully accomplished the object of contracting the width of the river for 
which they were constructed. Supplementary dikes at Yankee Bar, a 
mile further downstream, have at times appeared to be desirable, but 
they are not immediately necessary and wUl not be nndertaken during 
the coming year. 

(d 6) Osceola Bar revetment — Rapid caving of the channel face of 
Osceola Bar, or Towhead, having begun, a continuous revetment of 
brush and stone was undertaken this year as soon as the work could be 
organized after the appropriation became available. It was begun in 
November at the downstream end of the Towhead, that being the part 
where immediate protection was most essential, and was extended up- 
stream until operations were stopped by high water in February. The 
length of the protection placed was 4,500 feet. An inspection since the 
recent high water shows it to be in perfect condition. It is proposed 
to extend it further upstream during the coming year. The original 
project under which it was begun contemplated a total length of about 
7,000 feet, but recent changes in the position of the channel may reduce 
that amount considerably. 

{d 9) Bullerton revetment. — ^The revetment of the channel face of 
Bullerton Towhead, constructed in 1882-1884, remains in serviceable 
condition. It has not required attention for several years. 

{d 10} Osceola and Bullerton dilces. — ^The system of dikes designed to 
close the chutes behind Osceola and Bullerton towheads were begun in 
1882 and essentially completed in 1885. They resulted in shutting off 
nearly all though not all water, and in filling the chutes almost entirely 
with deposits, with great resulting benefit to the main channel. There 
is no flow through them at a 10-foot or lower stage. The results remain, 
though the dikes themselves are much decayed and are in a ragged 
condition. To maintain the results and to complete the closure of the 
chutes, it has not been considered necessary to restore them all. A 
single dike, known as Bullerton No. 2, was reconstructed in 1889, and is 
now in serviceable condition. Nothing was done here during the year, 
and nothing is proposed for the coming year, except to keep the dike 
mentioned in repair. 

Results in Plum Point Reach. — The river did not reach a very low 
stage during the year. The least depth found in the improved part of 
the reach was 12 feet. The favorable results heretofore reported were 
maintained. The depth since the works were begun having been 
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doubled, the navigable capacity of this portion of the stream has been 
multiplied by 8. 

(e) Surveys, gauges^ and observations. — Discharge observations during 
the high water of 1891 were made at Columbi^s, Fulton, an(i' Plum 
Point. Two hydrographic surveys were made of the Plum Point Eeach, 
one in October, 1890, and the other in May, 1891. The gauges were 
read daily throughout the year at all the stations. 

(/) Levees. — ^The only levees constructed by the United States in the 
first district are the two short detached pieces in the vicinity of the 
Plum Point Reach, built in 1886-1888. A piece of the Tennessee levee, 
near its downstream end, caved into the river. The remainder of the 
line required only trifling repairs. There is no general system of levees 
maintained by local authorities within the limits of this district. 

A survey for the location of a line of levees along the St Francis 
trout was made in 1888 and X889. The office work of reducing tiie 
notes and preparing the profile was completed this year. The line Pur- 
veyed extends from Point Pleasant, Missouri, to Council Bend, Arkansas, 
a distance of 200 miles. It includes 23 miles of levee already built on 
that side of the river near Plum Point, leaving 177 miles to be con- 
structed. 

For details of the operations in the first district, see report of Gapt. 
S. W. Boessler, Appendix D. 

SECOND DISTBICT. 

(Foot of Island No. 40 to mouth of White Eiver, 180 nules.) 

(a) Memphis. 230 miles heUyio Cairo. — ^Works for the preservation of 
the harbor of Memphis include the protection of the city front and of 
Hoi)efield Bend, above and on the opposite side of the river. The latter 
work was begun in 1882, but for reasons given in previous reports it 
could not be completed until February, 1889. By that time the down- 
stream end of the bend had receded so far that the approach of the 
river to the Memphis landing was no longer favorable to the main- 
tenance of the upstream portion of the landing. As reported last year, 
a bar had formed here in Iront of the landing, where there are some 
important business interests, such as the grain elevator and railway 
transfer. During the low-water season of 1890 a channel was dredged 
through this bar, and there was no interruption of steamboat traffic to 
the elevator. It is proposed to repeat the dredging in advance of the 
coming low- water season. 

The revetment of Hopefleld Bend suffered some injury during the 
high water of 1890, a piece 702 feet long of the work of 1887 being 
destroyed. This was replaced last autumn. During the recent high 
water the i)ortion8 above the water surface suftered some injury, the 
subaqueous parts remaining intact. It is proposed to restore the revet- 
ment during the coming year. 

The protection of the city front was begun in 1878, before th^ organ- 
ization of the Commission, at the upstream end of the landing. With 
the changes in Hopefield Bend the point of attack has moved down- 
stream and the protection has from time to time been extended in that 
direction. The most recent work is the system of spm* dikes, known 
as the " Citizens Protection," originally built in 1886 with -funds sub- 
scribed by property owners in the vicinity, the work being executed 
under the direction of the officer in charge of the district with plant be- 
longing to the United States. They were raised and covered with stone 
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by tiiie CTommission in 1889. They as well as tlie revetments higher np- 
stream remain in good condition. There are indications that it will be 
necessary to extend the protection downstream, but it is not proposed 
to undertake that this year. 

(b) Helenctj 306 miles below Cairo, — ^The a«t of August 11, 1888, con- 
tamed a specific appropriation of $75,000 for this locality. The proj- 
ect adopted had for its object the protection of about 3,000 feet of bank 
in front of the town, and contemplated a construction of 5 spur dikes, 
one piece of revetment 600 feet long, and a drainage canal to prevent 
sipage. As reported last year, the fcjids were not sufficient to entirely 
complete the project. The continuous revetment, the drainage canal, 
and two of the spur dikes were completed. The remaining three spur 
dikes were left in an unfinished condition. Kothing was done here 
during the year. The works have suffered no injury. An allotment 
has been made for continuing them during the coming year, but as cav- 
ing has ceased it is possible that that wiU not be necessary. 

(c) Surveys^ gauges^ and observations. — ^Discharge observations during 
the high water of 1891 were made at Memphis and Helena. Several 
local hydrographic surveys were made at Memphis. The gauges were 
read daily throughout the year at all the stations. 

(d) Levees. — ^The levees in this district include the White Biver Front, 
on the right bank, extending from Helena to and including Laconia Cir- 
cle, a distance of about 78 miles by river, and on the left bank so much 
of the Yazoo Front as lies within its limits, a distance by river of about 
120 miles. The lengths of levee are much shorter than these distances. 
Work was carried on during the year upon both fronts. Upon the 
White Eiver Front a line was surveyed connecting the levee of Helena 
with that at Laconia Circle. The allotment to this front, $192,500, was 
subdivided so as to provide $80,000 for extending the levee near Helena 
southward from its present terminus, which is about 16^ miles below 
Helena, and $100,000 for strengthening the river side of Laconia Cir- 
cle and extending that levee northward, and reserving $12,500 for pro- 
tection during high water. The expenditure of the first-mentioned sum 
has been defeixed until the coming year, for the reason that after twice 
advertising satisfekctory terms for doing the work could not be secured. 
At and above Laconia Circle the work covered a total length of a little 
over 18 inUes. Of this 90,300 feet consisted in closing old crevasses 
and in enlarging the old levee from a point 59,600 feet below the town 
of Laconia to a point 30,700 feet above it, and 6,000 feet was in new 
levee extending northward. The total length of this line is about 59 
miles. The 18 miles worked over this year, and the 15J miles previously 
existing below Helena, leave about 25 miles to be constructed to afford 
fair protection to this front. Exactly what portion of this can be cov- 
ered with the $80,000 available can not be determined until new prices 
are obtained after due advertisement. In portions of the line there 
are old and dilapidated levees which can be utilized. In all of the new 
work the crest was raised to a height of IJ feet above the high water of 
1890. 

On the Yazoo Front the $80,000 allotted to the Upi)er Mississippi Levee 
district (State organization) were applied to raising and strengthening 
the levees at Grants Pass, sections 60 and 61 (312 L),* Belt^ to Friars 
Point, sections 65, QQ^ and 67 (314-319 L), Hushpuckana Crossing (353 

* In this report tho number and letter in brackets after the name of a levee show 
its distance in miles below Cairo, and the bank of the river, whether right or left, 
npoiT which it lies. 
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L), Robinsonville (354 L), and Appersons Field (355 L). The grade was 
raised to a height of from 2 feet in some cases to 4 feet in others above 
the highest water recorded. In addition to tliis much work was done 
by the local authorities, the amount and location of which has not beea 
rei)orted to the Commission. 

For details ol the operations in the second district, see report of 
Gapt S. W. Eoessler, Appendix D. 

THIRD DISTRICT. 

(Month of White Eiver to Warrenton, Miss., 220 miles.) 

(«) Lake Bolivar Front, 417 miles below Cairo. — ^The work at this 
place was undertaken in accordance with a requirement of the act of 
August 11, 1888. The object was to stop the caving of the bank which 
threatened the large levee across the end of Lake Bolivar. A con- 
tinuous revecment 4,400 feet long was placed during the latter part of 
1888 and early part of 18;i9, and some repairs were made in 1890. Noth- 
ing was done during the year. The work remains in good condition 
ai^ has stopped all caving where it is placed, removing aU apprehen- 
sion for the safety of the important levee which it was designed to pro- 
tect. Farther downstream the caving continues. It would be desir- 
able to extend the work in that direction, but as the resources of the 
district will be taxed to the utmost in meeting demands which are more 
pressing, it is not proposed to do anything here during the coming year. 

(b) Ashbrook Ifcck, 446 miles below Cairo. — The neck which separates 
Georgetown Bend from the bend below had, from progressing caving, 
become so narrow that the danger of a cut-off had become imminent, 
with all its attendant disasters to navigation and to riparian owners. 
Great injury to the town of Greenville in particular would probably 
result from such an occurrence. The distance across the neck hM be- 
come but 2,300 feet, while the distance by river wa« 9 miles. The work 
of protecting the upstream side of this work was begun in November 
last and continued until stopped by high water in January. At that 
time a continuous revetment had been placed, covering 2,820 linear feet 
of bank. It was located so as to protect the narrowest part of the 
neck, where caving had been most active. During the subsequent high 
water it was subjected to enormous and unusual strains which it en- 
dured in a very satisfactory manner. Except for a short distance near 
its downstream end, where 'it was constructed during a high and rising 
stage of the river, and of less than the standard width and where there 
has been some settlement, the work now stands intact. To check the 
flow across the neck two lines of slashings, about 900 feet apart, one 7,000 
feet long and the other 6,400 feet long, were made parallel with the 
axis of the neck through the forest of sai)liiigs which covers it. The 
trees were cut off about 6 feet from the ground and the tops were then 
wattled in among the stumps. These obstructions caused some con- 
siderable deposits and aided in averting the threatened disaster for this 
year, but they are of too slight and t(»mporary a character to be relied 
uiK)n permanently to prevent dangerous flow across the neck. For that 
purpose a substantial levee will be required. The whole work was be- 
gun and prosecuted under pressure of threatened danger. It is pro- 
posed to resume the construction of the revetment as soon as practicable, 
and to extend it both upstream juid downstream. 

fcj Oreenville, Mississippi^ 478 miles behnc Cairo. — The work at this 
place, begun in 1887, had for its object the protection of the bank in Iront 
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of the town, which was caving rapidly. The ten spurs originally con- 
structed for that purpose accomplished the Qbject, and have continued 
to hold that portion of the bank; but the long bend above the city^ 
was caving rapidly over a length of several iniles. If that caving 
should continue it was only a question of time when the incursion of 
the liver above Greenville, into the alluvial plane upon which the town 
stands, should be deep enough to take the town and its protection in 
flank. The certain way to protect Greenville was to protect the bend 
above, throughout its length. This would involve an expenditure of 
about half a million dollars, a sum which was not available either 
immediately or prospectively. The best that could be done was to pro- 
tect the downstream end of the bend near the town. Some efforts 
were made in that direction in 1888 and in 1889. Two additional spur 
dikes 500 feet apart were built in 1889, and about 1,500 feet and 2,000 
feet higher upstream than the original system of ten. The bank above 
them continuing to cave, they were left in a salient and subject to ex- 
traordinary strains. When the new appropriation became available 
last autumn they had suffered material injury. The repair of these and 
the construction of additional works of revetment further upstream had 
become urgent, but the condition of the plant was such that it was en- 
tirely impracticable to begin them before the high-water season. Dur- 
ing the high water of this spring the caving in the bend above contin- 
ued more rapidly than ever. It resulted in the entire destruction of the 
two spurs of 1889, and then of an extraordinary recession of the bank 
which they had been protecting. The shore line is now from 800 to 
900 feet in rear of where it was whUe the spurs stood. The caving has 
extended down to the work of 1887-'88, and has cut off two of those 
dikes at the upstream %nd of the system. It is proposed during the 
coming year to build a continuous revetment about 6,500 feet long ex- 
tending upstream from the second of the 1887-'88 spurs. It is expected 
to begin the work as soon m the stage of the water will permit. 

(d) Lake Providence Beachj 517-552 miles beloio Cairo. — ^The works un- 
dertaken for the improvement of this reach, and begun in 1882 and 1883, 
wese systems of permeable dikes, or contraction works at Duncansby, 
Cottonwood, Mayersville, Elton, Baleshed, and Stack Island — consti- 
tuting an almost continuous series of dikes from Duncansby to Stack 
Island, a distance of 12 miles, and of bank protection at Louisiana Bend 
and Mayersville Island. Louisiana Bend was higher upstream than 
any of the others, and the direction of approach through that bend 
fixed the plans of the others. The preservation of Louisiana Bend in 
the shape in which it then existed was vital to the permanent success of 
the other works. The protection of that bank from caving was a work 
without precedent. No bank so friable of a stream so deep and so swift 
had ever been protected. Nevertheless, the work of protection was be- 
gun in 1883, with full confidence that it could be carried through to suc- 
cess. Accidents might occur, and the earlier work would perhaps be 
less perfectly adapted to the ease than what would be employed after 
some experience here, but it was not doubted that with the means at 
the disi)osal of the Commission the accidents could be repaired, and the 
bank held. During the high water of the spring of 1885 very extensive 
iiyury was suffered by the revetment, of which about 12,500 linear feet 
had beeen placed. The next appropriation act prohibited the use of 
money upon revetments. The result was that this work was soon after- 
wards finally and completely destroyed, and it was not until the restric- 
tions as to bank protection were removed by the act of August 11, 1888, 
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that the atteihpt to hold Louisiana Bend could be renewed. Sy this 
time the bend was no longer in the position which it occupied in 1883. 
The river had moved a distance greater than its own width. Tlie 
curves of the channel throughout the reach below were reversed. The 
plans were all upside down. Except at Baleshed and Stack Island, the 
works have been destroyed. For this^reason it will not be profitable 
to sketch in outline the history of each work. It may be said in gen- 
eral terms that the contrai^tion works largely accomplished the object 
for which they were constructed, at least temporarily. They certainly 
improved the navigation very much, and these results still remain. 
But the river is not yet under control in the Lake Providence Beach, 
and it is not certain that the results are permanent. 

A new protection was begun m Louisiana Bend in 1889 and com- 
pleted for a len^h of 6^024 feet. It has been through the floods of 1890 
and 1891 — ^inthis vicinity the two highest upon record — and now stands 
intact. Nothing was done during the year, all of the plant which could 
be repaired in tune beiug more urgently required elsewhere. It is pro- 
posed during the coming year to extend the work towards the foot of 
the bend. ' 

(e) Vicksburgy 599 miles below Cairo. — ^The works for the maintenance 
and improvement of Vicksburg Harbor consist, first, of the revetment 
of Delta Point to prevent its further recession, which would allow the 
river to abaudon the present Vicksburg front entirely instead of partly, 
as is now the case; and, second, of a dredged canal leading to a dredged 
basin at the upstream part of the city front. 

The Delta Point revetment, covering 10,700 linear feet of bank, was 
constructed between 1878 and 1884. It has required no repairs for sev- 
eral years, and is now in good condition. Higher upstream the bank 
continues to cave, and it will probably be necessary to extend the revet- 
ment in that direction in the future^ but it is not projwsed to do that in 
the coming year. 

At the date of the last annual rei)ort dredging was in progress in the 
canal. It was continued until August, when it was suspended on ac- 
count of low water. The canal had then been excavated to the plane 
+8 feet on the Vicksburg gauge, but the side slopes being nearly ver- 
tical soon began sliding into the canal, so that a navigable depth to 
that plane was not attained. Dredging was resumed in March, 1891, 
and by the 1st of June, 1891, 164,000 cubic yards had been excavated. 
The work is still in progress. It is expected that with frinds now avail- 
able the canal and basin can be cut down to the level + 3 feet on the 
Vicksburg gauge. A fill of about 28,000 cubic yards from river de- 
X>osits, between August and February, was noted. 

(/) Surveys J gauges, and observations, — Discharge observations during 
the high water of 1891 were made at Arkansas City, Ark., and Wil- 
sons Point, La. Hydrographic surveys were made near BoUvar Front, 
Ashbrook Neck, GreenviDe, Louisiana Bend, and Mayersville. The 
gauges were read daily throughout the year at all the stations. 

(g) Levees. — The levees in this district include the upper half of the 
Tensas Basin, a distance by river of about 181 miles on the right bank, 
and on the left bank of the lower half of the Yazoo Basiu, a distance 
by river of about 206 miles. The lengths of levee are much shorter 
than these distances. Work was carried on during the year upon both 
fronts. To conform to local divisions, the right bank is subdivided into 
Tensas Basin in Arkansas and Tensas Basin in Louisiana. In the 
former subdivision the following lengths of new levee were undertaken, 
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viz, 902 feet at Brooksfleld (425 E), 1785 at Boggy Bayou (426 E), 
16,524 feet in the Lucca Loop extension (428 E), 1,630 feet at Luna 
(467 E). 1,480 feet at Columbia (469 E), 4,670 feet at Leland (470 E), 
16,330 feet at Sunnyside (487-490E). At the date of last inspection none 
of the contracts were completed, but it was expected that all except 
the Lucca Loop work would be practically completed by tlie30th of June, 
1801. The contract for that levee does not expire until the Ist of Feb- 
ruary next. In all cases the new levees were being built to a height 3 
feet above high water of 1890, and with an 8-foot crown. In adiUtion 
to the work done by the Government in this subdivision, the Tensas 
levee board of Louisiana constructed, of new levee, 963 feet at Sap- 
pington (430 E), 471 feet at Ferguson (430 E), 1,291 feet at Arkansas 
City (438 E), and repaired and strengthened 12,900 feet north of Ar- 
kansas City; and the Desha levee board built G50 feet of new levee at 
Chicot. The quantity of embankment contracted for by the Govern- 
ment was 707,702 cuibic yards, and by the local authorities 90,534 cubic 
yards. The older levees are of a flimsy character. The amount of 
material required to raise them, from Amos Bayou to the Louisiana 
line, to a height 3 feet above higli water of 1890, with an 8-foot crown, 
is estimated to be 7,003,524 cubic yards, exclusive of the work now 
under contract. But this will not fully protect the head of the Tensas 
Basin. To do that it will be necessary to extend the line northward to 
connect with the levees on the Arkansas Eiver, and to repair and 
strengthen the Arkansas Eiver levees for some distance up that river, 
which involves the placing of several millions yards more. 

In the Tensas Basin in Louisiana — the portion of it belonging to the 
third district — work was confined to a new levee at Elton (540-^42 E.). 
The amount of embankment is about 353,587 cubic yards. It is ex- 
pected that this contriict will be completed early in July.' The profile 
of the old levees in this subdivision is much stronger than that of those 
in Arkansas. It is estimated that about 2,796,000 cubic yards of em- 
bankment will be required to raise them to a height 3 feet above high 
water of 1890 with an 8-foot crown. 

On the Yazoo Front the third district covers the local organization 
known as the Lower MiSvsissii)pi levee district, and overlaps for 28 
miles upon the Upper Mississippi levee district. The work under- 
taken was all in the former subdivision, and consisted of the enlarge- 
ment of old levees. It covered 10,025 feet at Timber Lake (441-443 L), 
10,000 feet at Port Anderson (443-444 L), 72,265 feet at Oflfuts Front 
(444-478L), 14,500 feet at Longwood (502 L), 6,570 feet at Clover Hill 
(534 L), 6,580 feet at Upper Skipwith (528 L), and 5,641 feet at Lower 
Skipwith (529 L). The levees tit these places were raised to a height of 
from 1 J feet in some places to 3J feet in others above the actual high 
water in 1890. At the date of the last inspection none of the contracts 
were completed, but it was exi)ected that all except those for Timber 
Lake and Clover Hill would be completed by June 30, 1891. The total 
yardage contracted for by the Government was 601,916 cubic yards. 
The Government also constructed two loops above Greenville, of about 
16,000 cubic yards. In addition to- this work the Lower Mississippi 
levee board placed 1,492,973 (nibic yards at various points not reported 
to the Commission. The yardage reqnired to raise the levees in this 
district to a height 3 feet above the caUulatcMl high water of 1890, with 
a crown of 8 feet, is estimated to be 8,193,000 cubic yards. 

For details of the operations in the third district, see rejiort of Capt. 
C. McB. Townsend, Aj)pendix E, 
ENG 91 ^214 
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FOURTH DISTRICT.* 

(Warrenton, Miss., to Head of Passes, 484 miles.) 

(a) Ifatchez cmd Vidalia, 700 miles helow Cairo. — This locality first re- 
ceived the attention of Congress in 1879, when by joint resolution dated 
June 28, of that year, a survey was ordered. It was made by the 
Engineer Department of the An»y, and the cost of the improvement 
was estimated to be $939,()00. An nppropriation of $40,900 was made 
in the act of June 14, 1880. Though it was diflBcult to find any way to 
apply this small amount to advantage, it was thought that the best 
chance of getting some result from it would be to protect 2k i)ortion of 
Marengo Bend, with a view to preventing a junction of the river with 
Lake Concordia. It was so applied and was lost. The act of May 3, 
1881, contained a further appropriation of $50,000. By this time the 
threatened junction of the river with Lake Concordia had ocairred, and 
it was thought best to apply the funds to beginning the protection of 
Giles Bend above. This was done and the work wa« subsepuently lost^ 
The work came under the jurisdiction of this Commission in 1882, with 
an unexpended balance of about $8,000. Since that date no special ap- 
propriation has been made, but the locality has been mentloned'with 
other harbors in several or the acts appropriating money for ttie im- 
provement of the river. It has continued to receive the attention of 
the Commission^though no attempt has been made to begin the work of 
construction. Experience here has shown, what ha« so often been 
demonstrated elsewhere, that it was useless to begin the work with in- 
adequate means. A new survey was made in 1884, and a revised esti- 
mate was submitted. An experimental form of construction was sug- 
gested, and it was reported that the cost by that method, if successM,. 
would be $700,000, and that if unsuccessful the cost by an alternative 
method would be at least double, or $1,400,000 (see Annual Report for 
1884). At least one-half the first-named amount should be available 
before the work is begun, and it should be followed up by the annual 
expenditure of an equal sum until the work is completed. The Commis- 
sion has never had at its disposal amounts of money so great as to 
justify the diversion to this locality of such sums as this. The small 
balance of 1882 has been expended in the care of the public property 
belonging to the work and in surveys. The act of September 11, 1890, 
as interpreted by the War Department, requiring some allotment to 
this place, a sum suflBcient for a new survey was allotted and a survey 
was ordered. The field work was completed about the end of May. 
The report, which has not as yet been received,* will show what changes 
have occurred since the previous survey, and will form the basis of a 
new estimate of cost; but otherwise the situation will be the same as 
before. The caving in the bends continues, and danger to the Katchez 
landing is threatened, but the Commission is helpless in the matter. 

(6) Rectification of the Red and Atchafalaya Rivers, 764 miles below 
Cairo. — ^The project adopted for this locality has for its objects (1) to 
limit the outlet capacity of the Atchafalaya, and (2) to improve the low- 
water navigation from the Mississippi into the Atchafalaya and aJso 
into the Red River. 

The first of these objects is to be accomplished by the constniction of 
a series of dams in the Atchafalaya^ submerged sufficiently to permit 
navigation over them. At the date or the last Annual Report two of the 

• This report has since been submitted. 
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projected dams, Ifos. 1 and 3, had been constructed near Simmsport, in 
the Atchafalaya, about 6 miles below its head. Some repairs were 
made to the shore protection at the ends of these dams during the year, 
but nothing farther was done here. The dams remain in good condition. 

The second object is to be accomplished by replacing the present single 
channel between the Mississippi and the Eed-Atchafalaya, through 
which the flow is sometimes in one direction and sometimes in the other, 
by two channels, one for the inflow from the Eed to the Mississippi, 
and the other for the outflow from the Mississippi to the Atchafalaya, 
and to prevent the Red River at low water from wasting itself down 
the Atchafalaya, Dy a dam which shall separate it from that stream at 
aU stages below 10 feet. One of these channels is famished by the 
present single channel, called Lower Old River, south of Turnbull Is- 
land. The other is to be created by the enlargement of Upper Old 
River, north of Turnbull Island, for the greater part of its length until 
it reaches the vicinity of Carr Point, and then continuing it to a junc- 
tion with the Mississippi by excavation through Carr Point. 

At the date of the last Annual Report the siU of the Red River dam 
had been placed. Work upon this dam was continued this year. The 
cribs for the first, second, and third tiers were fabricated, and a part 
of them were sunk into position, and preparations were under way for 
sinking the remainder. These will bring the top of the dam to the level 
of from 1 to 3 feet below low water. 

Dredging in TJpi)er Old River was begun in December and was stopped 
by high water on the 2d of February. About 30,000 cubic yards of ex- 
cavation was made. The material was soft mud. The dredges were 
not well adapted to lifting it^ and the trench was diflScult to maintain, 
the semi-fluid sides flowiug mto it with much facility. The water way 
through Upper Old River has much diminished in size in the last few 
years, until now a narrow chute, which was dry in places at a 12-foot 
stage, is all that remains of it. The operation of dredgiug a channel 
through it win be difficult and costly, and will probably require difterent 
apphances from those now on hand. 

To maintain the existing low- water navigation through Lower Old 
River some dredging was done as usual. Navigation was at ho time 
stopped, though boats had trouble for some weeks in August. 

The construction of a telephone line 30 miles long, to connect with 
West Melville, the nearest railway station, was begun. 

(c) New Orleans Harbor^ 963 miles below Cairo, — ^The city of New Or- 
leans covers a length of about 13 miles of the Mississippi River. In 
that distance the river makes four bends, called the Corrollton, Green- 
ville, Qouldsboro, and Third District bends. In all of them more or 
less erosion was going on, which, as the value of property increased, it 
became desirable to stop. The features of the case, which are peculiar 
and make it different from other places where the protection of banks 
has been undertaken, are: 1st, the great depth of water and steepness 
of the banks, which are unfavorable; 2d, the comparative stability of 
the banks, which has enabled New Orleans to occupy essentially her 
present site for a century and a half, which is favorable. The system 
of spur dikes was introduced in 1884 and has since then been used 
exclusively, and has thus far been successful. The spurs begin near 
tiie low water line and project into the river to the point whore their 
top sur&ces, having a slope of 1 upon 3, intersect the bottom. They 
are usually about 1,000 feet apart, but the interval may vary with the 
greater or less curvature of the bend. 

At the begiuning of the flscal year there had been placed in New 
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Orleans Harbor 2 spurs in the Greenville Bend, 6 in the Gouldsboro 
Bend, and 4 in the Thu*d District lieach, a little below the bend. Dur- 
ing the year 3 spurs were built in the CarroUton Bend. They were all 
in good condition at the end of the year. 

It is proi)osed during the coming, year to place additional spurs in 
CarroUton Bend and the Third District Beach. 

(d) Surveys^ gatiges^ mid observations. — ^Discharge observations during 
the high water of isOl were made at Katchez/Red River Landing, and 
CarroUton, on the Mississippi, and at Simmsport on the Atchafalaya. 
Local surveys were made at Carr Point, Red River Dam, Atchafialaya 
Dams, parts of New Orleans Harbor, and in connection with levees, be- 
sides the survey at Natcjhez already mentioned. The old gauges were 
read daUy throughout the year, and two newgaugestations were estab- 
lished, one above the Bed River Dam, and the other at Fort Jackson. 

(e) Levees. — The levees in this district include the lower half of the 
Tensas Basin and the Atchafalaya Basin on the right bank, a distance 
by river of about 432 miles, and on the left bank the low country below 
Baton Rouge, a distani^e by river of about 206 mUes. Work was car- 
ried on during the yvAif upon all three fronts. 

In the Tensas Front the following lengths of levee were undertaken, 
viz: 3,030 feet at Bedford (606 R), 2,405 feet at Kempe (659 R), 13,888 
feet at Gibson Landing (683 R), 3,355 feet at Ferriday (693 R), 578 feet 
at Arnauldia (702 R), 1,705 fe«t at Henderson (712 R), and 10,285 feet at 
Deer Park (722 R). They were to receive a height of from 1.8 feet in 
some places to 3 feet in others above high water of 1890, with a crown 
of 8 feet and slopes of 1 upon 3. By tlie end of the year aU were com- 
pleted except those at Gibson Landing and Henderson. An attempt 
was made to buUd a levee at Buckridge (624 R), and a contra(*t was 
let, but property owners refused their consent to the line selected and 
the work was not undertaken. The total yardage in this subdivision 
undertaken by the Government was 587,260 cubic yards, of which 387,330 
cubic yards were completed and paid for. It is proposed to complete 
the contracts before the next high water. Work was done by the local 
authorities, the amount and location of which has not been reported to 
the Commission. 

On the right bank below Red River (Atchafalaya Basin) the follow- 
ing lengths of levees were undertaken, viz: 6,159 feet at Nina (80(> R), 
5,170 feet at Highland (815 R), 4,145 feet at BaiTOza (823 R), and 3,400 
feet at Evergreen (857 R). They were to receive a height of 3 feet 
above high water of 1890 with a crown of 8 feet except at Nina, where 
it was 6 feet, and with slopes of 1 upon 3, except at Barroza, where 
upon the land side it was 1 upon 4. By the end of the year the levee 
at Barroza was finished, and good progress had been made upon the 
others. The total yardage in this subdivision undertaken by the Gov- 
emment was 482,411 cubic yards, of which 411,282 cubic yards were 
completed and paid for. It is proposed to complete the contracts before 
the next high water. Work was done by the local authorities, the 
amount and location of which has not been reported to the Commission. 

On the left bank below Red River (locally known as the Pout<»har- 
train Levee District), the following lengths of levee which had been 
begun by the local authorities were taken in hand and (iomi)leted by 
the United States, viz: 4,813 feet at Shannon (S;57 L), 1,420 feet at Mar- 
tinez (842 L), 4,423 feet at Gay (845 L), 3,135 feet at W(KHlst^)ck (H47 
L), 4,540 feet at Hermitage (850 L), 7,400 feet at Orenada (850 L), 4,855 
feet at Southwood (875 L), 4,032 feet at Ashland (878 L), 4,700 feet at 
Discharry (882 L), 1,325 feet at Irvine (892 L), 1,080 feet at Union (893 



APPENDIX Z Z REPORT OP MIS8iISSirPI RIVER COMMISSION. 3413 

L), 2,260 feet at Lillv (900 L), 1,0:37 feet at College Point (003 L), 10,040 
feet at Terre Haute \010 L), 1,336 feet at Coriilaiid (022 L), 1,272 feet at 
Destrahan (930 L), and 7,330 feet at Frellson. All were completed before 
the recent high water. They were built to a height of 3 feet above high 
water of 1890, some of tliom with an 8-foot crown, and others with a 
(*rown of 5 and 6 feet, with side slopes usually of 1 ui>on 3, but in 
8ome cases of 1 upon 2. The total yardage placed by the Government 
was 431,877 cubic yards. The local authorities placed about half as 
much* 

For details of the operations in the Fourth district, see report of First 
Lieut. John Millis, Appendix F. 

HIGfe WATER OF 1891. 

The high water of 1891 was not of excessive height iw the upper part 
of the valley. As far down as the mouth of tin* Arkansas Kiver, 401 
miles below Cairo, its height has been exceeded half a dozen times in 
the last 10 years. Below ^the Arkansas it was one of the highest upon 
record. At certain .points* such as Lake Providence and CarroUton, it 
f eai^hed about the same height as that of 1890, which has never been 
exceeded. At other points it approached very closely to the height of 
1890, while at others it fell short by from 1 to 3 feet of the height 
rea(5lie4i in 1890. The maximum discharge, as measured at Arkansas 
(*ity, Wilson Point, and Natchez, was greater than that measured in 
1800, while at Memphis, Helena, Eed Kiver Landing, and CarroUton it 
was less. 

During the period of danger the district officers displayed their usual 
zeal in their etibrts to hold the levees. The engineering staff had been 
stationed at critiiial points, sacks and lumber had been distributed, and 
all steamers required for transportation and inspections employed, and 
other necessary preparations made. Being well prepared in advance, 
and favored with reasonably good weather, they were able to obtain, in 
cooi)eration with the local authorities, a good degree of success. In ac- 
C/Ordance with rules established by the Commission, patrolling was gen- 
erally left in the hands of the local authorities, the funds of the Gov- 
ernment being applied exclusively to the labor and materi^s required 
to maintain the embankments. Exceptions tf) this rule were made in 
the case of levees buUt by the United States in localities where no 
local organization existed. No attempt was made to close a crevasse 
once opened, but efforts were made to hold the ends of the broken levees. 
The Commission cx)nsiders the first of these rules essential to maintain 
the active interest of the persons most immediately interested in the 
maintenance of the levees, and the second to avoid extravagant ex- 
penditures. 

There were in aU but five (jrevasses during the flood. They were at 
Kobinsonville (354 L), Stella (503 L), Concord (550 R), Ferriday (693 R), 
and Ames Plantation opposite New Orleans (963 E). There was also a 
break at Greenville, due to the levee caving into the river, but it had 
been anticipated and a new levee had been constructed behind it, which 
prevented damage from overflow. All except the first crevasse were 
below the Arkansas River. The* aggregate length of all the breaks was 
5,334 feet, of about one mile; this out of a total length of about 1,300 
miles of levee below Cape Girardeau, Mo. 

The Robinsonville crevasse attained a width of 550 feet. Its dis- 
charge was measured, but owing tor an eddy the results are unreliable. 
Its further enlargement was prevented by the protection of its broken 
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ends, the Government furnishing the material and the local authorities 
the labor. It overflowed an area of about 62 square miles in Bolivar 
County and perhaps half as much more in Coahoma County. 

The Stella crevasse attained a width of 422 feet and a maximum dis- 
charge of 19,000 cubic feet per second. Its enlargement was prevented 
by the protection of its broken ends. It overflowed an area of about 
492 square miles, of which perhaps one- third would have been over- 
flowed by back water from the Mississippi through the foot of tiie 
Yazoo Basin without any crevasse. 

The Concord crevasse attained a width of 1,600 feet and a maximum 
discharge of 100,000 cubic feet per second. Its enlargement was finally 
checked by temporary dikes built out at right angles with its general 
direction. It overflowed an area of about 418 square miles in the third 
district and perhaps. as much more in the fouith district. 

The Ferriday crevasse occurred after the river had fallen consider- 
ably below its highest stage. It attained a width of 97 feet said a max- 
imum discharge of about 3,400 cubic feet i)er second. It was readily 
closed. It inflicted only local injury. 

The Ames crevasse attained a width pf 1,665 feet and a maximum 
discharge of about 91,000 cubic feet per second. It overflowed an area 
of over 2,000 square miles, of which about one- tenth, or 151,000 acres, 
was under cultivation. It inteiTupted traffic upon three railroads. 
The damage which it inflicted to agriculture, live stock, drainage and 
canals, buildings, fences, and railroads is estimated by the district offi- 
cer at over $8,000,000. 

Besides these crevasses there was an opening in the levee at Hender- 
son (713 R.), which had been made in 1890, and had not been closed. 
It atUiined a width of 1,075 feet, and a maximum discharge of about 
26J[)00 cubic feet per second. 

The Ames crevasse was caused by a badly constructed rice flume. 
The great Nita crevasse of 1890 was due to the same cause. These 
and other disasters have led the Commission to condemn the danger- 
ous practice of placing rice flumes in the levees, and it has resolved Siat 
hereafter no levees shall be constructed or enlarged by the Commission 
in which any such device is to be placed or allowed to remain. No 
special cause could be assigned to the other crevasses. They occurred 
in old levees which were n#t suspected of being especially weak as com- 
pared with many other portions of their respective fronts. They were 
due to the inherent weakness of the embankments which j>ervades a very 
considerable portion of them. The process of strengthening the lines 
which has been going on from year to year, and is to be continued, had 
this year shown satisfactory results. The flood of this year did not 
differ greatly in volume from that of last year in the third district, 
though this year the weather was less unfavorable. In the second and 
fourth districts it was somewhat less in volume this year than last. In 
the second district there was no break last year, And but one this year. 
In the third district there were 17 breaks last year, with an aggregate 
length of about 3J miles, while this year there were but two breaks, 
aggregating 2,022 feet in length. In that district the overflow limits 
on the right bank include an area of 3,060 square miles, of which 2,500 
were under water last year, and but 418 square miles this year; on the 
left bank the overflow limits include an area of nearly 2,000 square 
miles, of which 1,900 were under water last year, and but 554 this year. 
In the fourth district there were 27 breaks last year, having an aggre- 
gate length of over 2^ miles, while this year there were but two breaks, 
aggregating 1^762 feet in length. There are no data for comparing the 
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damage inflicted in this district last yeiir Avith that of tbiii year, but the 
Kita crevasse last year alone discharged more water than all of the . 
crevasses this year. 

FINANCIAL STATETVfKNTS. 

Appropriation for salaries and expenses Mississippi lUver Commission: 

Balance on liand July 1, 1890 $116.50 

Expended from July 1, 1890, to June 30, 1891 35.59 

Balance on hand June 30, 1891 80.91 

Appropriation for deficiencies Mississippi River Commission : 

Appropriated, act of March 3, 1891 1,950.00 

Expended from March 3 tb June 30, 1891 1,950.00 

Appropriation for survey of Mississippi River: 

Balance on hand July 1, 1890 3,880.16 

Expended from July 1, 1890, to Juno 30, 1891 3,873.08 

Balance on hand June 30, 1891 J. 08 

Appropriation for improving Mississippi River : 

Balance on hand July 1, 1890 375,048.34 

Appropriated, act of September 19, 1890 3,200,000.00 

Appropriated, act of March 3, 1891 1^000,000.00 

Refunded 21.00 



Total 4,575,069.34 

Expended irom July 1, 1890, to June 30, 1891 1,518,989.35 

Balance on hand June 30, 1891 3,056,079.99 

Distributed as foBows: 

Levees 724,955.32 

Channel work 830,591.57 

Harl>ors and bank protection 753, 989. 85 

Red and Atchafalaya rivers 147, 109. 28 

Surveys, gauges, and observations 143, .548. 24 

Plant, genera! service, and miscellaneous 455, 885. 73 

3,056,079.99 



Approximate outstanding liabilities and amounts covered by exist- 
ing contracts 715, 600. 00 

ESTIMATE OF FUNDS BY THE MIS&lSfilPPI mVER COMMISSION FOR THE FISCAL YEAR 

ENDING JUNE 30, 1893. 

For improving Mississippi River from Head of the Passes to the mouth of 
•the Ohio River, including salaries, chii( al, office, traveling, and mis- 
cellaneous expenses of the Mi^siKsippi Kivcr Couinussiou ; for the build- 
ing of levees; and for surveys from the Head of the Passes to the head- 
waters $6,000,000 

For work at harbor ot^— 

Memphis : 25.000 

Greenville a50,000 

Vicksburg 175,000 

Natchez 350,000 

Red and Atehafaiaya livers 350, 000 

New Orleans 200,000 

Note. — ^The Commission take the liberty to reeommeiid tliat hereafter 
the ai)propriatioii for the expenses of tlie Oominission ami tlie -work of 
surveys and observationvS shall be included in the approiniation for the 
improvement of the river, as was done in the act of September 19, 1890. 
It hBA occurred twice heretofore that money has been appropriated to 
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be expended according to the plans and recommendations of the Com- 
mission without any appropriation for its expenses. As the law ex- 
pressly prohibits the creation of any liability against the Government 
for the payment of which no appropriation exists, the proper supervi- 
sion and inspection of the works by the Commission becomes in such a 
case impracticable. 

C. B. COMSTOOK, 

Col. of UngineerSy and Bvt Brig, Gen.j 
Pre^dent Missusippi River CommhHon, 
Chas. R. Suter, 
Lieut Col. of Engineers^ U. S. A. 
B. M. Harrod. 
Robert 8. Taylor. 
O. H. Ernst, 
Major of Engineers^ Colonel U. 8. A. 
Henry Plad. 
Henry L. Whiting, 
• Asst Coast and Oeodetie Survey. 
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Appendix A. 

BBPORT OF LIEUTENANT-COLONEL CHARLES R. 8UTER, CORPS OF ENGINEERS, UPON 
INVESTIGATION OF DISCHARGE MEASUREMENTS, MISSISSIPPI RIVER. 

St. Louis, Mo., August S, 1888. 

General: Shortly after the organization of the Commission I wasrequestedby the 
Committee on Levees and Outlets to undertake the study of the various discharge 
measurements which were then or would soon be available, with the object of deter- 
raining, il' possible^^he variation^ of discharge with gau^e height. The great impor- 
tance of this question was very generally recognized, as it was expected that it would 
t^ord the means of determining the heights to which great floods would attain when 
confined between levees. 

So far I am sorry to say these expectations have proved delusive ; the problem in- 
stead of being a simple one has turned out to be one of ^eat difficulty and com- 
plexity, and f am not as yet able to present to the Commission anything like a defi- 
nite solution of it. Still, enough has been accomplished to at least clear up the ground, 
. while incidentally facts have been brought to light to which I think much impor- 
tance attaches. It is to some of these that I maiuly wish now to call attention, but 
"before doing so an explanation of the methods used and the results obtained in the 
discharge curve investigation will be necessary. I shall endeavor to be as brief as 
possible. 

At the time this study was commenced there was available the series of discharge 
measurements made by the Delta Survey at Columbus, Ky., and Vicksburg, Miss., in 
1858, and at CarroUton, La., in 1851. Also the measurements made under the direc- 
tion of the Engineer Department in 1879 on the Mississippi at Columbus and Mem- 
phis, on Bed River at Alexandria, on Arkansas River at Pine Bluff, on White River 

*Not printed. 
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at Clarendon, and on the Misaoiiri River at St. diaries and Sioiix City. Jn 1879-'80 
measurements on the Lower Mississippi were made under the direction of the Com* 
mission at Fulton, Tenu., and Carrollton, La. The nextyear^ viz, 1880-'81> measure^ 
meuts were made on the. Upper Mississippi at Prescott, Winona^ Clayton, Hannibal, 
Grafbon, anjd St. Louis. 

In 1881-'82 the parties were again on the Lower Mississippi, and a series of measure- 
ments were made at Columbus, Helena, Hays Landing, Keu River Landing, and at 
Paducah on the Ohio River. In 1882-'83 a series was measured at Carrollton. Fi- 
nally, in 1884-'85^a new series was obtained at Point Pleasant, Helena, ArkMisas City, 
Warren ton. Red Kiver Landing and Carrqlltou. Besides these full series 'numerous 
isolated measnromonts have been made at various places, though these are of but 
little value in a study of this character. ' 

The idea of a gauge-discharge relation, or, as it is generally termed a discharge 
curve, is simple enough. If the measured values of discharge be plotted on any con- 
venient scale as abscissas, while the corresponding gauge readings are plotted as or- 
^ diuates, a series of points are obtained through which a mean curve can be passed 
by well-known methods, which will express approximately the relation in question* 
This curve, so far as I am aware, has generally been taken to be a plain parabola, 
but my experience shows that it is generally a curve of a higher power. 

Carrying out the method above described, provisional curves were soon obtained 
for all the points at which measurements were made from 1879 to 1882, and as for aa 
the tributary streams are concerned I do not now apprehend that any ^rreat change 
in these curves will be found necessary, but when the 1882 obsef vations became 
available it was at once seen that the discrepancies in the Mississippi curves were 
too j^reat to be adinisHible and the whole subject was taken up anew. It was finally 
decided that, on the whole, the Fulton series of observations was the best, they having 
been ma<le with great care under very favorable conditions, and being better bal- 
anced than any other scries, while at the same time the range on the gauge was 
large, reachingfrom a very low sta^e to the beginning of overflow. I^was arffued 
that if a curve could be found here it would answer the purpose of a standard by 
which the irregularities noted elsewhere could be eliminated or properly valued. 
The only objection to these observations was due to the fact that at the high sta^ei 
a h«^avy fill, now kuown to have been temporary, took place in the discharge section 
and destroyed the regularity of the observations. It was finally decided to transfer 
the me:isured values to Memphis, plotting them to the readings on tiie Memphis 
gauge, which occuiTcd three-fourths of a day later. When this was done the irregu- 
larities disappeared and the curve, was duly computed. (See Plate No. 1.) This 
Memphis curve is taken as the standard curve for, as will be shown farther on, it 
not only expresses the relation of gauge to discharge at this special locality, but 
when eciuivalent values in terms of gauges at other localities are substituted for the 
Memphis gauge heights here used, it expresses this relation equally well for such 
other loralitiea. 

PremiBiug that the curve thus obtained was found to agree very well with the 
Memphis discharge observations of 1879, 1 will now describe the method by which it 
was transferred to other points. 

If the assumption be correct that a definite relation exists between gauge and dis- 
charge, then it follows that for equal discharges any two gauges should bear to each 
other some equally definite relation. Such is found to be the case, and a study of 
these gauge relations has been very instructive and fruitful of results. To determine 
them an ordinary sheet of cross-section pai)er is taken and marked on the lower and 
left-hand edges with the scaler of the two gauges to be compared. Then, if the read- 
ings of the two gauges be plotted as ordinates and abscissas respectively, the result- 
ant i)<)ints when connected by a line will express tlie relation between the two gauges, 
or, as I have ternunl it, simply the gauge relation. But as the object of the investiga- 
tion is to show tluj efl'oct on the lower gauge of the same discharge which has acted 
on the upper one, it is evident that a time interval must be allowed between the 
readings at the two gauges. From a very careful study of the hydrographs, and trom 
a comparison of all the series of simultancons discharge measurements which have 
been made, it appears that for all portions of the stream as far down as Red River the 
rate of travel of discharge is about 75 miles in 24 hours at all stages of the river ex- 
cept dead low water and general overflow. 

This statement, in view of the well-known variations, of velocity, seems paradox- 
ical in the extreme, and I do not attempt to explain it. I simply state it as a fact 
borne out by all the evidence in our possession, an<l apparently correct to within 
the limits of error of the observations themselves. Therefore, in taking the readings 
of the lower gauge a time interval on this basis must be allowed, interpolated read- 
ings being used when the distance between the gauges varies from an even multiple 
of 75 miles. 

When the records of two gauges between which no tributa'ry enters are plotted in 
this way the points fall approximately on a straight line, the more careful the gauge 
Teadings the closer the agreement, and this straight line expresses the relation be- 
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tween the gauges, being more or less inclined in the ratio of their relative oscilla- 
tions. W&n a tributary intervenes between the gauges the points will not fall on 
a straight line as before, as the values of the lower gauge are relatively larger by the 
yarying volumes o£ the tributary. In this ease the line of eqnal volumes or zero in- 
crement can only be determined when the values of discharge above and below the 
tributary and the discharge curve for one of the points are known. The method 
will be explained further on in discussing the data of 1884-'86, which first rendered 
these determinations possible. 

Having the gauge relations determined it is an easy matter to transfer the stand- 
ard curve to any point, graphically, by plotting the values of discharge for even 
feet on the one gauge to tiie equivalent readings on the other, or by substituting in 
the equation of the curve the value of one gauge expressed in tenns of the other. 
In this manner the standard curve has been transferred from i>oint to point and com- 



pared with all series of discharge meaaurements which have ever been made on the 
Mississippi River. An extended study of the gauge relations has shown that they 
are, as a rule, constf^nt only in their inclination. Their absolute position frequently 



varies from year to year, and may in fact do so several times in the same season. 
Where discharge measurements of different years have been compared the same dis- 
crepancies are noted as shown by the gauge relations and in the same direction ; 
that is, the discharge curve of one year may not answer for another year unless its 
position be more or less shifted up or down. The data afforded by the gauge rela- 
tions, although not so definite as those of discharge measurements, are of course 
much more extensive. 

It has frirther been noted that in a series of discharge measurements, no matter how 
apparently scattered they may be, it is always possible to group them about a series 
of curves or trends which are parallel to the standard cnrve and either above or be- 
low it. All these phenomena are such as might be expected were the whole river 
bodily raised or depressed so as to change its plane of flow, the gauge remaining 
fixed in position. I have, therefore, for convenience designated me whole class of 
phenomena as ^' Changes of plane.'' Now, as these changes of plane from year to 
year and even during a single season amount often to several feet, that is to say, the 
zero of the discharge curve is raised or lowered by such amounts, a moment's reflec- 
tion will show the hopelessness of determining discharge from gauge readings, un* 
less some method is devised by which these changes of plane may be determined and 
allowed for. Further study and continued observation may enable this to be done, 
and it is well worth the effort. Meanwhile such general points as have been noted 
will be stated. 

Setting aside the small ohaniges which occur during the period of low water, and 
which are undoubtedly due to the action of bars, it appears that all the principal 
changes of plane occur at the mouths of the tributaries. The observations of 
1884-^85 show also that, at least from Helena down, tliese changes wherever or how- 
ever inaugurated are transmitted downstream from point to point according to the 
relation of the gauges. They are also cimiulative, that is. to a change of plane 
starting at Helena may be added another at the mouth of Wnite River, with further 
additions at the Yazoo and Red rivers, the final change of plane at CnrroUtpn being 
the equivalent of the sum of the whole. I have very little doubt that these changes 
, of plane may start at or near Cairo, but the breaks in the Point Pleasant series of 
1884-'85 have rendered it as yet impossible to decide this question definitely. 
Another striking feature of these changes of plane is the length of time that they 
sometimes endure. As will be shown in some of the examples now laid before the 
Commission, their effect may last nearly a year, or nearly from one low water to an- 
other. 

I will now call the attention of the Commission to certain plates which accom- 
pany this paper, and which afi'ord the data for comparing the standard discharge 
curve with ail recorded series of discharge measurements on the Lower Mississippi. 
The curve itself, with the observations from which it was computed, is shown on 
Plate 1. 

Plate 2 gives the gauge relations of 1879 between Columbus-Point Pleasant, Colum- 
bus-Memphis, Point Pleasant-Fulton, Fulton-Memphis, and Memphis-Helena. Also 
the Columbus and Memphis hydrographs and the discharge measurements at those 
stations plotted to time. 

Plates 3 and 4 give the variations to time of the 1884-'85 discharge data. For the 
fair lines drawn through the observed values of discharge to give the probable true 
sequence, values deduced from the curves of this year, shown on Plates 9 and 11, 
have been used. 

Plate 5 gives the actual and equivalenf gauge relations in 1884-'85 between Helena- 
Arkansas City, Arkansas City-Vicksbur^, Arkansas City-Red River Landing, and 
Red River Landin^-CarroUton. The equivalent gauge relations are the relations 
for equal volumes, in wnich the effects of tributary increment are eliminated. As an 
exajuple of the method by which they are obtained the Helena-Arkansas City rela- 
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tion may be referred to. To obtain it we take the observed valnes of discharge at 
Arkansas City, and obtain from the curves holding at that time at Helena the gaiige 
heights whio'li^ corrcspontl to these values. These gange heights, plotted to the 
observed Arkansas CMty gauge heights^ give the line of equal volumes op zero incre- 
ment. It will be noted that several well-marked lines are indicated, these Indicate 
changes of plane at Arkansas City not •occurring at Helena, and are in the main 
due apparently to the effect of Arkansas and White rivers. 

Plate 6 gives for 1884-^85 the hydrographs at the various observation stations. 

Plate 7 gives the Columbus and Memphis discharge observations of 1879, and 
the Point Pleasant and Columbus observations ofl884-'85. These observations are 
all plotted to gauge, and on the diagrams are shown the various probable positions 
of the standard curve. 

Plate 8 shows, plotted to gauge, the Columbus discharge observations of 1858 and 
1882; also the various probable positions of the standard curve. 

Plate 9 gives the discharge observations at Helena in 1882 and 1884r-^85, and also 
those at ^kansas City in 1884-^85. The positions of the standard curve are also 
shown. On the 1884-'85 Helena diagram tliese positions are assumed arbitrarily to 
fit what appear to be the principal cnanges of plane, but, from this point down, are 
transferred by the lines of equivalent gauge relation for the year. The supposed 
variation of discharge, while passing from one plane to another, is indicated by the 
oblique lines on the diagrams. The numbers give the numerical sequence of the 
discharge observations, and such corrections as are needed to make the observations 
fall on the assumed curves are indicated. As will be seen, they are small in amount. 

Plat>e 10 gives similar information for Vicksburg in 1858 and 1884-^86, these latter 
observations being transferred up from Red River Landing. 

Plate 11 gives similar information for Red River Landing in 1882 and 1884-'86. 

Plate 12 gives similar information for Carrollton in 1851, 1880, 1883, and 1884r-'85. 
' I think that an inspection of these plates will justify the assertion already made 
that the computed standard discharge curve gives the relation between gauge and 
discharge with sufficient accuracy, lliey also indicate the difficulties which beset 
the practical use of the curve obtained owing to changes of plane, and the main fact 
already alluded to that those changes of plane, to whatever cause due, are transmitted 
from point to point downstream. As the description of the methods used in making 
transfers, etc., has been necessarily a brief one, I append to this paper a full descrip- 
tion and iinalysis of the process as applied to tne 1884-'85 data from Helena lo 
CarroUton, prepared by my assistant, Mr. Jas. A. Seddon, C. E., who has been asso- 
ciated with me in this work. 

I will now pass to the main subject of this paper, viz: The effect of Red River in 
enhancing flood heights on the Lower River. 

It has been already stated in this paper that changes of plane occur mainly at the 
mouths of tribntarienS. This is most markedly the case at the mouth of the Red 
River and attracted attention at an early stage of these investigations. No explana- 
tion suggested itself, however, until the data, for 1884-85 were under investigation. 
In December and January of 1884-'85 a very abrupt change of plane took place, as 
shown on both the pauge relation and the discharge curve, and this change was 
found to coincide with a considerable rise in Red River, the Mississippi l>eing at 
quite a low stage. This change of plane or elevation of the zero of tne discharge 
curve amounted to 5.8 feet, and inspection of Plate 8 will show that this elevation 
was substantially retained throughout the season, and on it were superposed the 
changes of plane amounting to 3.35 feet more wtiieh were transmitted down from 
Helena and Arkansas City. The gauge relation with Vicksburg shows that it was 
not eliminated until the low water of 1885 had fairly set in so that it lasted through 
a period of about 8 months. As this case suggested that there might be a connec- 
tion betw^een these changes of plane and floods in the Red River, an investigation 
was made of all the data at our command. The discharge data was too meager lor the 
])urpose so the gauge records were used instead. As already stated in general terms 
the relation between two gauges when no increment intervenes is a straight line, but 
when an increment is present the gauge heights at the lower point are set over from 
the line of equal volume or zero increment by the amount due to the volume of the 
inerement plus any change of plane which may occur. In this case the relations 
Vicksbnrg-Red River Landing are used so as to eliminate any effect due to the Yazoo. 
The inclination of the line of zero increment wasestabJished by the 1884- ^ observa- 
tions, ])ut its absolute position for other years can not be fixe«l with <'ertainty. 

Plates 13 and 14 give all known Vicksburj^-Red River Landing actual gauge rela- 
tions from 1858 to 1888, the only omission being the year 1877-78 of which the gauge 
records are incomplete. On earh of these relationsis shown a line marked *' stand- 
ard" which gives the line of zero increment in an arbitrary position, but one com- 
mon to all the diagrams. A second line marked ** primary plane of year" indicates 
the probable position of this line for the year in question. An inspection of these 
diagrams shows very great deviations from the line of zero increment, deviations 
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which must either indicate enormous discharges from Red River or very great changes 
of plane. We can get from the Alexandria duscharse curve the volume of Red River 
at that point, but even if this entire volume be taken as issuing from Old River it 
will not begin to account for the deviations noted, and we are certain that no such 
discharges do take place owing to the draft m%de by the Atchafalaya, which more 
than balances any increment received from the Black and Ouachita, which enter the 
Red below Alexandria.' We know moreover from the two series or dischar&^e meas- 
urements in 1881-'82 and ISS-l-'SS that there are great changes of plane, nence it 
seems legitimate to infer that the larger portion of the deviations noted are due to 
this cause. A careful analysis of the diagrams has also shown that these changes 
of plane essentiaUj coincide with rises in Red River as shown by the Alexandria 
gauge, and which in turn probably always indicate a discharge from Old River into 
the Mississippi. The most marked effect usually accompanies the first decided rise 
after the summer and fall low water as has already been spoken of as occurring in 
December and January of 1884-'85. In that instance the mejisured outflow from Old 
River was 70,000 cubic feet at its maximum. This increment was accompanied by a 
rise in the zero of the Red River discharge curve (see plate 11) amounting to 6.8 
feet. It may not be amiss to mention here that an increment of 306,000 cubic feet, 
at the mouth of White River this same season was accompanied by a change in the 
plane of discharge at Arkansas City of 1.6 feet only. On many of the diagrams will 
also be noted a lar^e change of plane or increment effect occurring at or near the 
highest stage. This was very marked in 1874 and again in 1882. In the former year 
we have no definite information as to the volume of water which entered the Missis- 
sippi from Red River, but the Red River Landing gauge rose 9.2 feet while the Vicks- 
burg gauge rose but 3 feet. The rise at Red River I^ncung correspondin g to the Vicks- 
burg rise should have been 2.3 feet, leaving 6.9 feet rise, at a stage above 38 feet, due 
to increment from Red River or change of plane, or botn combined. In 1882 we find 
a similar rise above the 40-foot stage amounting at Red River Landing to 6.6 feet 
while at Yicksburg the rise was only 1.8 feet. This should have caused a rise at Red 
River Landing of 1.4 feet, a difference of 5.2 feet due to the Red River increment 
and to change of plane. During this year the discharges at Red River Landing were 
measured, and an examination of the diagram (plate 11) shows that during the pe- 
riod considered a change of plane took place amounting to not less than 2.8 feet. It 
seems therefore safe to infer, that in 1874 the change of plane was at least as great, 
if not greater. Besides these large changes of plane many minor ones occur, but 
all show the same feature of persistent and cumulative effect, so that the aggregate 
in some years is enormous. 

That these changes of plane are not due to effects produced by the Mississippi 
independent of Red River is not so susceptible of proof, but the year 1886-'87 nir- 
nishes some evidence in that direcrtion. In that year Red River was very low for 
an unusually long period. As will be noted on the diancram for that year the Missis- 
sippi at Red River Landing rose to an elevation of 32 leet on the gauge with a devi- 
ation from the primary plane of the year of less than 2 feet. Then came a rise in 
Red River followed by a decided change of plane in the Mississippi at Red River 
Landing. In the succeeding year we nave an inflow from Red River occurring in 
December, at a time when the Mississippi was at a very low stage, 6 feet on the Ked 
River Landing ^auge. This inflow was accompanied by a change of plane of between 
3 and 4 feet ^niich persisted throughout the season. That these so-called changes 
of plane are genuine local engorgements is plainly shown b^ the effect at Nat<^hez, 
65 miles above Red River. The gauge reU\^ions between Vicksburg and this place 
show that for all except low stages of water, changes of plane occur at Natchez of 
the same character as those at Red River Landing, but less in amount. They, how- 
ever, oecur at Natchez on an average about 2 days later than at Red River Landing. 
This shows conclusively that they are genuine backwater effects, for if they oc- 
curred from local causes at Natchez they should appear there earlier than at Red 
Biver Landing. 

There certainly can be nothing in the character of the channel below Red River 
to accoimt for these phenomena as it is well known to present most unusual facilities 
for discharge. This is evidenced by the small slope and small gauge oscillation. It 
is also very strikingly shown by the rate of transmission of discharge which, as be- 
fore stated, is 75 mnes in 24 hours for points above Red River. Between Red River 
and Carrollton this rate is 192 mUes in 24 hours, some 2^ times as great as for points 
above. Moreover, these changes of piano do not accompany increase of volume 
solely, as the^ would in case of an obstructed channel, but only inrtPease of volume 
from one special source, viz., Red River. The conclusion seems therefore inevitable 
that in some way the discharge from this tributary is not in harmony with that of 
the main stream and by diminishing its relative mean velocity changes the ratio of 
discharge to gauge in the manner noted. This is the only explnnation which sug- 
gests itself to me to account for so singular a phenomenon, as a mutter of fact the 
water from Red River seems to partly ml the channel as so muohmud or sand would 
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do, and to remahi them, so that the water coming from abore is forced to climb on 
top of it in order to rontinne on its way to the s«a. 

The effect of theRe abnormal elevations at Ked River has a very important bearing 
on the lower river. The gauge relation Hed River Landing-Carrollton is the mo^ 
remarkably constant of any yet noted. A single plate, No. 15, gives the relations 
for all years in which records have been kept flrom 1851 to 1888. The gange relation 
for equal Tolumes was determined in the manner already described from the 1884-'85 
observations, (see plate 5) and this line is plotted as a standard on all the yearly 
diagrams. It will be noted that the only diverf^ences of moment are in years when 
crevasses existed between the two stations, giving abnormally low Carrollton read- 
ings while they were active. These gauge relations show the intimate bond of union 
between the two gauges, and the 1884-'»5 discharge observations (plate 12) show 
how faithfully the Red River Landing changes of plane are reproduced at the lower 
station. Therefore if Red River Landing is abnormaUy high, Carrollton is also ab- 
normally hiph in the regular ratio, and if by any means the gauge heights at Red 
River Landing oould be reduced then the Carrollton gauge heights ought to come 
down in the same ratio. 

In order to show more clearly what these statements mean some tables are given. 

Table No. 1 is deduced from the Vicksburg-Red River Landing g^nge relations, 
and gives the total deviation at the maximum Red River Lauding stage from the 
standard of the year for each year of the series, due to the influence of R^ River, as 
also the equivalent deviation for Carrollton. 

Table No. 2 gives for the same years the elevations corresponding to the Yicksburg 
maxima which would have been reached at Red River and Carrollton had the stand- 
ard plane of the year held throughout. 

Table No. 8 gives in parallel columns the actual maxima for each year at YiolDi- 
burg, Red River Landing, and Carrollton, together with the heights that would 
have been reached in each case if all the levees had been up from Vicksburs to Car- 
rollton ; in the one case with Red River still entering the Mississippi, in uie other 
with the Red River shut out and its influence eliminated. 

The last two tables depend on the gauge relations and the actual Yicksburg max- 
ima for the years indicated. 

In all these tables it must be noted that the total effect of Red River is given, via, 
that due not only to change of plane, but also to regular effect of increment. Any 
attempt to separate the two in the absence of actual measurements would be a very 
doubtfril process, and of course if Red River were excluded both effectQ would be 
canceled. 

These tables show in a general way that in every year noted there is an abnormal 
elevation of the plane of flow at extreme stages botli at Carrollton and Red River. 
At the latter place this abnormal elevation has amounted to as much as 13 feet, at 
the former place to 5.4 feet. They also show that if the levee system had been perfect 
from Vicksburgto Carrollton, the actual mean maximum gauge reading at Red River 
Landing would have been increased 0.43 feet, and at Carrollton 1.11 feet, while 
under tbe same condition, but with Red River shut out, the actual mean maximum 
at Red River Landing would have been reduced 7.29 feet, and at Carrollton, 2.d9 
feet. Consequently, with the levees all up the difference in mean maxima between 
the conditions with Re<l River open and closed would amount to 7.72 feet at Red 
River Landing, and at Carrollton to 3.20 feet, the actual maximum differences be- 
ing 13 feet for Red River and 5.4 feet for Carrollton. 

These are very large figures and theis importance as regards the levee problem can 
hardly be too highly estimated. To be able to bring down the flood levels below 
Vicksburg to such an extent, especially in view of the fact that larger discharges 
than ever known must in the near ftiture be provided for in that section of the river, 
would go a lonff way towards insuring the permanent redemption of all lower Louis- 
iana from overflow. 

If the facts herein cited are sufficient, as I myself think they are, to show that Red 
River, instef^d of being at best a doubtful friend, is really a most treacherous enemy, 
then I think it the imperative duty of the Commission to reconsider their plans for 
this portion of the river, to divorce^he Red River pemiauoutly from the Mississippi, 
and to provide at some point a canal connection between thetwo streams. 
Very respectfully, your obedient servant, *>* 

Chas. R. Suter, 
Lieut. Col. of EngineerBf 
• Member Mississippi River Commis9ion, 

Gen. C. B. Comstock, 

President Mississippi River CommiseUm. 
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Table No. 1. 



1871-'72 . 
M72-'73. 
l«73-'74. 
1874-'75 . 
1875-*7« . 
1«76-T7. 
1877-*78* 
1878-79 . 
1879-'80 . 
1880-'81 . 
1881-82 . 
1882-83. 
188a-'84. 
1884-*85. 
l«85-'88. 

1888-'87. 

1887-.*88. 



Elevation 
of primary 

plan** of 
year above 

standard. 



i.8 
2.0 
2.8 
2.5 
3.2 
1.8 



4.3 
to. 8 
3.5 
4.2 
5.0 
5.0 
5.9 
6.2 

5.6 

6.6 



Bed River Landing. 



Kaxinium stage. 



Date. 



May 5 

June 2 
Apr. 16 
May 2 
May 15 
June 1 



Feb. 19 
Apr. 21 
Apr. 6 
Mar. 27 
Apr. 9 
Mar. 29 
Feb. 2 
May 29 
[Apr. 5 
•Apr. 8: 
Apr. 30 



Gauge 
reading. 



Rise of 

plane 

aliove 

primary 

elevation. 



89.4 
39.0 
47.0 
40.4 
45.4 
40.5 



35.9 
44.0 
40.1 
4&5 
45.2 
47.8 
41.9 
4L9 
42.9 
4&0 
41.7 



6.7 

8.2 
13.0 

7.9 
10.2 

9.9 



8.8 
tl2.8 
7.8 
10.1 
9.0 
7.6 
5.9 
5.8 

6.7 

A7 



Kormal 
maximum 

gauge 
reading or 
maximum 
less rise 

plane. 



Carrollton 
■ equivalent 

of Red 
River Land- 
ing rise of 
plane. 



82.7 
30.8 
84.0 
82.5 
35.2 
30.6 



32.1 
t3L2 
32.8 
38.4 
86.2 
39.8 
36.0 
36.1 

37.3 

37.0 



&8 
8.4 
6.4 
&2 
42 
4L1 



1.6 

t6.3 

3.0 

4.2 

a7 

3.1 
2.4 
2.4 

2.8 

L9 



* Gauge readings at Red River Landing missing. • 

f Tlie primary plane of this year is thought to l>e too lo-vr, and hence all deduced values nnreliablet 

probably from error in the Yicksburg gauge records, which are very incomplete. 
I By this date the Yieluborg gauge hM liidleQ oonaiderobl^ and the plane would allow abnormally 

high from increment. 



Table No. 2, 



Year. 


Yicksburg 
maximum 


Bed River 

Trfuiding 

equivalent 

on primary 

plane of 

year. 


Actual 
maximum 
gauge read- 
ing at Red 

iJiver 
Landing. 


Actual 

Red River 

landing 

above 

equivalent 

gauge. 


Carrollton 
equivalent 

Landing 
equivalent 


Actual 
maximum 

gauge 
reading at 
Carrollton. 


Actual 
Carrollton 

gauge 

above 
equivalent 

gauge. 


1871-*72 


39.5 
40.6 
46.7 
43.0 
44.9 
4L6 
40.9 
39.4 
43.1 
41.8 
48.7 
43.8 
49.0 
42.4 
44.1 
44.7 
412 


82.7 
80.8 
85.5 
33.1 
85.3 
81.8 


39.4 
89.0 
47.0 
40.4 
45.4 
40.5 


6.7 

8.2 
11.6 

7.3 
10.1 

9.2 


10.3 
9.6 
1L5 
10.6 
11.4 
9.8 


12.3 
12.9 
15.9 
U.3 
12.7 

n.i 
n.3 

10.8 
14.2 
12.5 
14.9 
15.4 
15.6 
13.5 
13.8 
a4.6 
14.8 


2.0 


1872-'78 


3 3 


1875-'74 


4.4 


1874-'75 


8 


1875-'76 


1 3 


1876-77 


1.3 


1877-*78* 




l878-'79 ..... 


82L1 
3L5 
33.2 
39.2 
36.2 
40.2 
86.0 
87.7 
37.5 
87.1 


8&9 
44.0 
40.1 
4a5 
46.2 
47.8 
41.9 
41.9 
43.0 
41.7 


8.8 
12.5 
6.9 
9.3 
9.0 
7.1 
5.9 
4.2 
5.6 
4.6 


10.1 
9.9 
10.5 
13.0 
11.8 
13.4 
11.7 
12.4 
12.3 
12.1 


0.7 


1879^*80 


4.3 


1880-*81 


2 


1881-82 


1.9 


1882-*83 


3 6 


188S-'84 


2l2 


1884-*85 


L8 


1885-'80 


1.4 


isse-w 


2.2 


1887-88 


2.2 







* Bed Birer L«nding gauge readings missing. 
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Table No. S. 





Vioksburg 
mftxinmin 

reading. 


Bed BiTer Landing mazimnm gauge. 


Carrollton maximuni gsnge. 


Y«ff. 


Aotnal 
reading. 


Deduced reading for 

leveee complete crom 

Vickeburg. 


Actual 
reading. 


Deduced readine for 
TickeWg. 




Red River 
open. 


Red River 
doBed. 


Red River 
open. 


Red River 
doaed. 


1871-'73 

1872-'78 

1873-'74 

1874-'75 

1875-'76 

187e-'77 

Mm »7a 


89.5 
40.e 
45.7 
43.0 
44.9 
41.6 

*40.9 
39.4 

*43.1 
41.8 
48.7 
43.8 
49.0 
42.4 
44.1 
44.7 
44.2 


39.4 
39.0 
47.0 
40.4 
46.4 
40.5 


39.4 
39.0 
48.5 
41.0 
45.5 
41.2 


82.7 
80.8 
35.5 
83.1 
85.8 
31.3 


12.8 
12.9 
15.9 
1L8 
12.7 
11.1 

*1L8 
10.8 

*14.2 
12.5 
14.9 
15.4 
15.6 
13,5 
13.8 
14.5 
14.3 


13.1 
12.9 
1&9 
13.8 
16.6 

ia.9 


10. S 
9.6 
1L5 
10.5 
11.4 
9.8 


iiil 


35.9 
*44.0 
40.1 
48.5 
45.2 
47.3 
41.9 
41.9 
43.0 
41.7 


95.9 
*44.8 
40.5 
49.3 
45.2 
47.7 
41.9 
43.5 

4a 2 

41.8 


32.1 
*31.5 
33.2 
39.2 
36.2 
40.2 
36.0 
37.7 
37.5 
37.1 


11.7 
*15.1 
13.6 
17.2 
15.5 
16.5 
14.1 
14.8 
147 
141 


10.1 
•9.9 
10.5 
18.0 
11.8 
18.4 
11.7 
12.4 
12.8 
12.1 




653.4 
43.56 


637.2 
42.48 


643.6 
42.91 


527.9 
35.19 


201.5 
13.45 


218.4 
1456 


170.4 


Mean 


1L3II 







* Yalnes marked * are omitted from the sum and mean valnes for reasons noted in tabulation 1. 



REPORT OF MR. JAMES A. 8EDD0N; ASSISTANT ENGINEER, UPON THE INYESTIOATlOir 
OF THE MISSISSIPPI RIVER DISCUAROE DATA OF 18B4-'86. 

St. Louis, Mo., July Si, 1888, 

Colonel: I have the honor to make the following report on the inyestigation of 
the Misfliasippi River diBcharge data 1884-'85. 

The ohservations at Point Pleasant were too scattering for anything like a thor- 
ough inyestigation, so that the study was practicaUy commenced at Helena, with 
the results of prior investigation assumed as known, viz : That there was a given 
normal variation of discharge to gauge reading at Helena represented hy a given 
curve when gauge readings were taken as ordinates and the corresponding values of 
discharge as abscissas, and that there were abnormal periods during whicji the vari- 
ation of discharge with gauge passed from this curve in one position on gauge to the 
same curve shifted to a position either higher or lower on the gauge scale, so that a ^ 
series of discharge observations, when platted to their accompanying ^au^e read- ' 
ings, should give a series of curves parallel in the direction of gauge and joined by 
irregular lines. 

Some of the terms used in this report will be here defined. The period in which 
the discharges vary about on one of these curves is called a ** normal period,'^ and 
the curve a "normal curve." The daily values of discharge, scaled or calculated 
from these curves for the daily gauge readings, is called a " sequence of discharge,'' 
and the variation of discharge, where a change from one normal curve to another 
takes place, is called a " change of plane." 

In the investigation of the 1884-'85 data Helena was taken up first, and the He» 
lena normal curves were adjusted to their various planes, so that when the sequence 
of discharge at Helena was computed this sequence would aj^ee as near as possible 
with the actual discharge observations taken there. In this agreement of the se- 
quence with the observed discharges use was made not only of the Helena dis- 
charges, but also of those measured at Point Pleasant, with a 3 days' interval allowed 
as the time for a value of discharge atPoint Pleasant to reach Helena. This compari- 
son is shown on Plate 3. The Helena discharge values are there plotted as 0, and the 
Point Pleasant as a /^, and the lair line through them is the computed se(|uence of dis- 
charge at Helena. The various planes or normal curves holding, with the time 
through which each curve holds, and the periods of transition are shown diagram- 
matically at the top ; also the hydrograpn of the St. Frauois Biver, the principal 
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tributary between Point Pleasant and Helena, la given. On Plate 9 is shown the 
Helena discharge observations plotted to gange with the normal curves of the period 
drawn through them. The direction of change of plane is indicated by arrows on 
the slant lines joining the curves and the principal corrections assumed for individ- 
ual observations to bring them on the curves are indicated. 

Having completed this primary investigation for Helena, in the main every other 
value of discharge in the whole river rests upon it, but as the steps from point to 
point down are with minor exceptions, exactly similar, it will be sufiBcient to con- 
sider in full the investigation of the reach Helena to Arkansas City, and note minor 
differences in the investigation of other reaches. 

In the investigation of the reach Helena to Arkansas City, the above Helena se- 
quence and changes of plane are plotted with Arkansas City data for comparison 
(see Plate 3) ; on this points are the Arkansas City measured discharges plotted 
with an interval of 11 days from Helena. A few of these Arkansas City observations 
that were clearly out of sequence by considerable amounts were primarily corrected 
to be in approximate sequence. The corrected values of these few observations are 
shown as A oil ^^^ respective days. The observed gauge readings and values of dis- 
charge at Arkansas City were then tabulated through the period, small gaps in the 
observed discharge values being filled by interpolation, and with tiiis tabulation was 
indicated the periods of the respective normal curves at Helena. During the period, 
then, that a given curve held at Helena, a Helena gauge reading could /be scaled on 
this curve for the Arkansas City value of discharge, and this Helena gauge reading 
would be the reading that would have been observed at Helena if the same value of 
discharge ha<l passed there as was found at Arkansas City. Such a gauge reading at 
Helena is called the equivalent of the Arkansas City observed gauge reading, for 
they both correspond at that time to the same value of discharge at Helena by the 
law that is holding there in the variation of discharge with gauge, and at Arkansas 
City observed with the discharge there, in whatever law or absence of law that may 
be holding them in the variation of discharge with gauge at that jpoint. These Helena 
equivalent gauge heights were detei:mined for the whole period on the respective 
Helena normal curves, except during the short interval of change of plane at Helena. 

The observed Arkansas City gan^e readings were i)lotted as abscissas to the equiv- 
alent Helena gauge heights as ordinates, shown on 'Plate 5. * Time is indicated at 
intervals by dates to the points of the Arkansas City gauge readings at intervals 
and intermediate times by the numbers of the Arkansas City discharge observations 
at such times. The short periods of change of plane at Helena, when the Helena 
equivalent gauge heights could not be deduced, are shown dashed. This is called 
the '' equivalent gauge relation^' and, simply for comparison, is plotted with it the 
** actual gauge relation^' or observed gauge readings at both points, the time inter- 
val being allowed. 

We see on this equivalent gauge relation that the period from 1 (October 13) to 12 
and again from 58 to 76 is very closely expressed by line (1), and agahi from 81 to 
April II, the end of the observations, by line (3), line (3) being of the same inclina- 
tion as line (1), but with values uniformly 1.6 feet larger on the Arkansas City gauge 
scale. Omitting for the present the consideration of other periods, and taking line 
(1) as expressing the true law of relation between Helena and Arkansas City equiv- 
alent gauge heights for the time between observations 58 and 76, and remembering 
that these equivalent gauge heights represent equal values of discharge at Helena 
and Arkansas City, we may substitute for the Helena gauge heights m the law of 
variation of discharge to gauge there the values of the corresponding Arkansas 
City gauge heights on this line (1), and this will give the law of variation of dis- 
charge to gauge occurring at Arkansas City during this time. This is called a trans- 
fer by a line of gauge relations. While a normal curve is holding at Helena, this 
line ^ives us the fact that a like curve is holding at Arkahsas City, the only differ- 
ence in the curves being that the gauge scale is changed at Arkansas City in a ratio 
given by the inclination of this line ; this ratio is 1' on Helena gauge equals 0.944 
foot on Arkansas City gauge. Also, where there is a change of plane at Helena, as 
there is of -f- 1.5 feet between points 69 and 70, we have the fact that there is a change 
of plane at Arkansas City in the same equivalent time and the same in amount 
when expressed in the Arkansas City equivalent gauge scale, or in absolute amount 
equal 1.5 feet X 0.944 = 1.416 feet. From this it can hardly be doubted that the 
change of plane at Helena between points 69 and 70, is in no way a local phenom- 
enon, but passes down with the flood at Helena to Arkansas City, as blose as we can 
determine, unchanged in form and in the regular interval of 1| days. 

In the period between points 76 and 81, or of transition from line (1) to line (3), 
we see that a change of 4- 1.6 feet (Arkansas City gauge) occurs heiween Helena and 
Arkansas City as an effect, to be added to those trauHinitted down from Helena, or 
that after point 81 the Arkansas City gauge height for a given Helena gauge height, 
and hence for a given value of discharge on whatever normal curve be taken at Hel- 
ena> is aniformly of 1.6 feet greater vuue than it was during the period of line (1). 

jfiNG 91 216 
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Pollowing point 81 to the end of the observations, all the eqtdyalent gauge heights 
falling on line (3) «how that the variations of discharge to gauge at ArkansM City 
follow identically the Helena variations as in line (1); though raised as a whole in 
addition this 1.6 feet on the Arkansas City gauge. The seven periods of normal vari- 
ation heing gotten by simply substituting for the Helena ga^ge the values of the 
Arkansas Ci^ gc^ng^ scaled on line (3), and the six changes of plane at Helena being 
apparently identically transmitted down to Arkansas City. There is one exception 
here, however, to this identity in transmission of the change of plane firom Helena 
to Arkansas City. It is seen that a change of plane— 1.1 feet ^Helena gauge) occurs 
between points 89 and 90, while the equivalent gauge points for 90 ana the day fol- 
lowing are found about 1.1 feet (Helena gauge) below line (3) and pass back to line 
(3) in the next 2 days. This shows that the faU of plane that occurred then at 
Arkansas City was several days later than the interval of If days in its passage 
down from Helena. It has necessarily taken place at Arkansas City when the equiv- 
alent gauge heights plot on line (3), but, for the points 90 and the day following, it 
appears evident that the fall of plane at Helena has given Helena equivalent gau^ 
heights too low for the Arkansas City observed gauge heights by tfaa amount of this 
ftkll of plane at Helena. 

Lines (1) and (3) can be taken very confidently as representing with great accu- 
racy the law of relation between equivalent gauge heights at Helena and Arkansas 
City during.their respective periods, for the divergence of the plotted points from these 
lines IB very fully within the effect of accidental errors of the Arkansas Citv discharge 
observations, and, in fact, this shows a degree of precision in the bulk of the obser- 
vations that it was before hardly thought could be attained. 

Beyond the periods covered by lines (1) and (3) there is the low- water phenomena, 
which is in very striking contrast with the above. Between points 12 and 13 there 
is a fall of plane at Helena of 0.7 foot ( Helena gau^), and corresponding to this there 
is no fall of plane at Arkansas City, for the equivalent gauge points from 13 to 25 
plot about on (A), which is just 0.7 foot lower on the Helena gauge. ^That is, between 
12 and 13 we have passed to a curve 0.7 foot lower in scaling the Helena equivalent 
gauge heights, and we find these plotting to the observed Arkansas City gauge 
heights, 0.7 foot (Hel^a gauge), lower at 13 and the points following, than they did 
at 12: hence the law of variation of discharge to gauge at Arkansas City is continu- 
ous tlirough the period, and the shifting of the equivalent gauge points is a result 
of the independent change of plane ( - 0.7 foot) at Helena. 

Again, between points 25 and 35 there is a slow fall of plane at Arkansas City to 
line (2) that is independent of any change of plane at Helena, as in the case of rise 
of plane from lines (1) to (3) before consulereif. From 35 to 1 day after 50, line (2) 
is taken as representing the true variation of equivalent gauge heights, though 
some of the points diverge here considerably from it. This is thought to be legiti- 
mate here, for at this stage quite small errors in discharge may cause considerable 
errors in gauge. 

From 1 day after 50 to 53 there is the rise of plane at Helena of 0.7 feet and fol- 
lowing it the period (B). This as (A) is not a change of plane at Arkansas City, 
the period (B) being simply a shifting of line (2) to a position of 0.7 feet higher on 
the Helena gauge by the change of plane at Helena -f 0.7 feet. From 56 to 58 we 
have the rise of plane at Arkansas City to line (1), independent of any rise at Hel- 
ena, and following 58 the changes before considered. This change of plane 56 to 58 
was finally taken as commencing between 55 and 56, for it then gave a Mrer sequence 
of discharge at Arkansas City. 

The contrast of this low- water period with the other is very striking. In it the 
changes of plane occur totally independently at the two points, Helena and Arkan- 
sas City, and hence, by inference, are local phenomena, wliilt* above the low-water 
stage all changes of plane at Helena are apparently ideutically transmitted down 
to Arkansas City, and heuce, by inference, are phenomena, general to all points, or 
impressed on the flood in its passage down the river. The independence of changes 
of plane at low water is tliought to be due to these changes being here results of 
scour of low- water chamiols through bars and local shift ings of the low- water 8lope 
from pool to bar, and tlierefore of a nature totally <liftVrent from the clianges of 
plane that are general and that occur at the higher stages. In fact, it may readily 
be supposed that there are places where no true normal curve exists during the low- 
water period. 

In wnat has preceded the equivalent gauge relation has been discussed in specific 
periods, but, to avoid unnecessary explanations in the future, it may be well here 
to generalize this discussion as follows : When the equivalent gauge heights plot on 
one straight line, the variations of disrhargo to gauge .-ire exactly Rimilur at the 
upper and lower points; they are simply the same variation, plotted' to gauge scales, 
having a constant ratio, given by the inclination of this line; hence normal curves 
at the upper are normal curves at the lower point and changes of plane at the upper 
are the same changes of plane at the lower point. When the equivalent gauge 
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heiffhte, plotted^ show a shifting from one line to toother of the same inclination 
sncn a period or shifting is a change of plane that is not common to the two points. 
From the gauge relation alone we can not say where this change occnrs. It may be« 
a change at the lower point that was not found at the npper, as the period from 76 
to 81 (see the Helena- Arkansas City equivalent gauge relations on Plate 5), or it may be 
a cbanee of plane at the upper point that was not found at the lower, as the change 
ftom 12 to 13; or it may be any combination of changes of plane at both points, with 
excess at one a given amount over that at the other. But, with the actual changes 
of plane at one of the points and the equivalent ^auge relation given, the actual 
changes at the other point may be at once determined. Say the changes of plane 
at the upper point are known and expressed in the equivalent ratio for the lower 
point (in the Helena- Arkansas City case = ± Helena change of plane multiplied by 
0,94A)f and that the changes ^om time to time of the equivalent gauge relation are 

K'ven in terms of ± change o^i lower gauge, then the actual changes of plane at the 
wer point are simplj the algebraic sum of thes6 two, or the normal curve at the 
lotirer point, at any tmie, is simplj^ the normal curve of that time at the upper point 
transferred W the line of the equivalent gauge relation of that time. 

Above the Helena- Arkansas City data of Plate 3 there has been represented diagram- 
matically the changes of plane at Helena. Under this is a diagram of the changes 
in terms of the lower gauge of the equivalent gauge relation shown on Plate 5, be- 
low is a dia^am of the resulting normal curves and periods of change of plane at 
Arkansas City in terms of the Arkansas City gauge values. On Plate 9 are shown 
these curves and changes of plane drawn among the Arkansas City discharge observa- 
tions, plotted to gauge. 

Finally, an Arkansas City sequence of discharge equivalent in time to the Helena 
fleqnence (If days interval) waa scaled for the Arkansas City gauge readings on the 
above discharge curves, and is shown, drawn as a fair line, among the Arkansas City 
discharge observations, plotted on Plate 3. The differences between the Helena and 
Arkansas City sequences give the increments entering the Mississippi between these 
points. These are plotted below as also the combined discharge of tne Arkansas and 
White rivers, scaled from discharge curves, calculated from the 1879 observations on 
those streams. The comparison of the two shows how a flood out of the tributaries 
is retarded in its entrance by a rise in the main river. 

In scaling the sequence of discharge there was primarily no certainty of the exact 
yalnes of discharge, either at Helena or Arkansas City, during the periods of change 
of plane at these points. However, after the equivalent gauge relation had been 
determined, all periods of coincident change of jdane could be adjusted with greater 
accuracy, for then approximate values of discharge might be taken on either the 
Helena or Arkansas City sequence and the values of the other point deduced. 
These values at the two points would be practically exactly true in their difference 
and thej might then be both put a given amount larger or smaller, so as to best 
afi^ree with the observations at the two points. A single instance of this will be suffi- 
cient to make the method clear. Taking the change of plane, January 31-February 
1, the values of discharge may be scaled on the Arkansas City sequence and the cor- 
Teaponding Helena discharges deduced as follows : 
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gauge. 
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42.90 
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2.40 
2.80 


86 
110 


996 


j-eh.! 


945 







(Vtltum of discharge an given in thousands of cubic fBet per second.) 

And if the Helena values of discharge had shown any need of fitrther ad^jufitraent, 
the yalues at both Helena and Arkansas City could have been chau<xod, keeping the 
above values of ^Q constant. By this method the sequence of discharge during all 
coincident changes of plane were adjusted. 

In addition to the above plates the following tabulations are presented, giving <ihe 
outline of the work in this investigation of the Helena- Ark ansae City data. 

Tabulation I gives the coordinates of the Helena normal curves, as thoy wore 
assumed^ and the resulting coordinates of the Arkansas City normnl curves as they 
were finally deduced. It will be seen in this that the values of diseluirge have been 
ti^en common to all the curves, while the various corresponding values of gauco 
have been calculated. This is the best method where an actual calculation of the 
points is madCj for in that case the various gauge values of each curve may be cal- 
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ciliated by the addition of a constant difference, while if the varions discharga 
values of a curve were to be calculated the process would be much longer. 

Tabulation II gives the stops in the deduction of the Helen a- Arkansas City equiva- 
lent gauge heights. In the column of Arkansas City discharge those values marked 
t are values either interpolated between the actual observation, or observations with 
considerable errors that were primarily corrected, so as to be in approximate se- 
quence, as before noted ; all others are the Arkansas City observed discharge values. 

Tabulation III gives the values of the Helena and Arkansas City sequences, the 
increments between Helena and Arkansas City, with the combined discharge or the 
White and Arkansas rivers. In these last the interval has been taken as 1 day from 
Pine Bluff to the mouth of White River on the Mississippi or Pine Bluff dates equal 
Helena dates. 

The unit for values of discharge in all the above tabulations, as well as those that 
will follow, is taken as 1,000 cubic feet per second. 

A similar comparison of the Arkansas City Red Riv^r Landing data is shown on 
Plates 4, 5, and 11, and Tabulations IV, V, VI pve the outline of the work. After 
what has preceded a few notes will be all that is needed of explanation. 

The change of plane at Arkansas City, November 14 to 24, is only taken as from 14 
to 20 at Red River Lauding, as seen in the Red River Landing sequence of discharge, 
for this is a low- water phenomena, and is not thought to be necessarily coincident 
at the two points. Again in the cljange of plane, January 10-11, the exact trans- 
mission of the Arkansas City plane is not taken, as this would make the Red River 
Landing sequence irregular. It is not thought that this is sufficient to prove that 
the change of plane was not exactly transmitted, for the time of the change of plane 
at Arkansas City can hardly be fixed so exactly as not to possibly overlap one day 
in transmission to Red River Ijauding; March 23 is also taken as a similar case of 
overlapping. These two cases are shown on the Rod River Landing plotted sequence 
as dotted hues. 

Tabulation IV gives the deduction of the Arkansas City-Red River Landing 
equivalent gaug5 heights. 

Tabulation V gives the Red River Landing normal curves^ resulting from the Ark- 
ansas City curves, and the equivalent gauge relation. It will be noticed that though 
essentially the same for the Arkansas City-Red River Landing reach, as Tabulation 
I was for the Helena- Arkansas City reach, it is yet very diSferent in form. This 
arose from the fact that it waa thought that, from Arkansas City down, no appre- 
ciable error would be introduced into the transfer by scaling the discharge values 
on the upper normal curves, in which case it is most convenient to scale them for 
even feet, and then calculate the lower gauge equivalents of these even feet on the 
various lines of the equivalent gauge relation, then, as before stated, obtain the 
lower normal curves of each period by plotting the values of discharge belonging to 
the upper normal curve of that period to the lower gauge equivalents on the line of 
the period. This method has been followed for all transfers below Arkans<u City. 

Tabulation VI gives the Arkansas City and Red River Landing sequeuce of dis- 
charge with the increments between the points. 

A similar comparison of the Red River Landing and Carrollton data is shown on 
Plates 4, 5, and 12, and Tabulations VII, Vlll give the outline of the work. 

In all that has preceded, it has been assumed that the true stage was closely 
represented by the observed gauge readings, or that there was very little error in 
this observation in comparison with the error of the discharge observation. The 
Carrollton hydrographs, from the regular gauge records and from the readings of the 
observation party, plotted on Plate 4, show that this assumption can not be made at 
Carrollton, for there is very evidently an erratic variation to time of the Carrollton 
gauge readings and probably, also, sharp oscillations, for the two readings of the 
same date sometimes diverge considerably. It may l)e considered that elevation of 
Gulf tide plays a part in this at the low stages, ffir the average low water at Carroll- 
ton is not more than about one-half foot above mean Gulf tide, but is difficult to aee 
how this may cut much of a figure at the high stages. The irregularity appears not to 
be confined to the low stages, and in default of any other explanation it is supposed 
to be due to tide and wind effects, though the wind effect is not apparent in the 
wind data civen with the discharge observations. 

Whatever the cause of this irregularity may be, it certainly renders very ques- 
tionable the use of the Carrollton gauge reading as the measure of true stage at Car- 
rollton, for it is hardly probable that the discharge would vary in a smooth sequence 
to time down to Red River I^anding and change to an irregulor sequence between 
Red River Landing and Carrollton, which wonld be the case if the true discharge 
were taken as being given on a curve by the Carrollton gauge readings. As one of 
the many instances, observations Nos. 7, 8, 9, 10 show a very smooth variation of 
discharge to time, and agree vej;y closidy with what we would expect from the Rod 
River Landing discharge in llie equivalent period, and yet, as may be seen on Plato 
12, they plot to gauge with considerable irregularity. 
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This imcertainty of the true stage at CarroUtou appears to anionnt to Rometliing 
lik^ one-lialf foot, and its exieteDce must be borne in mind in considering the equiv- 
alent gauge relation and in the points of discharge plotted to gau^e. At times not 
only must a point in error have a correction in the direction of discharge^ but also 
in tne direction of eauge. The special consideration of the period covering observa- 
tions 63, 64, 65, will make this more clear. 63 is clearly in error in its discharge 
vaJue, as shown by the discharge sequence, so that a discharge correction is given it 
that brings it more in harmony ; al^o, on the hydrograph, it would appear that the 
more probable variation of true stage was represented by the dotted line, so that 63 
would also have a gauge correction of about + 0.6 feet ; 64 has tbe gauge correction 
alone, and 65 has no gauge correction, but, as compared with the Ked River Land- 
ing discharge, its discharge value is probably too large. These points are there- 
fore corrected on Plates 5 and 12, as shown by tlie arrows. 

In the above case the corrections are rather fairl^'^ indicated by the data, and with- 
out attempting a minute investigation of each point, it is thought that this double 
uncertainty in the value of discharge and in the true stage at Carrollton is sufficient 
to account tor the irregularities found. For the same cause, Also, the sequence of 
discharge at Carrollton could not be computed. 

TabuSition YII presents the deduction of the equivalent gauge relation. In this, 
only points of measured discharge at Carrollton are taken and the few that were 
corrected had only such corrections as were clearly shown b^ the sequence; where 
it was uncertain the points were omitted. Tabulation YIII gives the Carrollton nor- 
mal curves. 

The discharge observations, measured at Warrenton, were originally so discordant 
that no confidence could be placed in them, and though the final revision improved 
the appearance of the data, it was still thought best not to use them. As it was de- 
sirable, however, to obtain a normal curve for Vicksburg, approximate Yicksburg 
values of discharge were obtained from the Arkansas Citj^, Red River Landing, ana 
Old RiTer discharges. 

As seen on Plate 4, the difference between the Arkansas City and Red River Land- 
ing discharges to December 13 are very close to the escape from the Mississippi 
through Old River, so that we may very confidently tak^ tne Vicksburg discharge 
as essentially the same as that at Arkansas City, the discrepancy in the nrst 10 days 
being assumed due to error in the Old River ooservations. From December 13 on 
there is seen to be a material increment to the Mississippi between Arkansas City 
and the mouth of Old River: probably the greater part or this increment enters the 
Mississippi at the mouth of the Yazoo, above Vicksburg, so that Red River Landing 
discharge, less Old River discharge, should in the main approximate closely the 
Vicksburg discharge. 

These have been taken for the Vicksburg discharges and the reach Arkansas City- 
Vicksburg considered in a manner similar to the others. The g[auge relation is shown 
on Plate 5 and curves on Plate 10, and tabulations IX, X give the outline of the 
work. 

In this work the values of discharge in the final sequences at the other points were 
usedj and, as they are assumed to be the true values of discharge, it may be well to 
consider what errors remain in the Vicksburg discharges so deduced. First, there 
are the errors in the Old River discharge observations, and at times'these are rather 
scattering, as shown on Plate 4, with the sequence sketched through them that was 
arbitrari^ taken as giving the Old River discharge for each day. Second, what- 
ever increment enters the Mississippi between vicksburg and Red River Land- 
ing, by that amount the deduced Vicksburg discharges will be too large^ and there 
are times where this has undoubtedly distorted the equivalent gauge relation and put 
points off the true curve. An instance will be sufficient. Between observations No. 
66 and 68 the Arkansas City deduced gauge heights are too large (see Arkansas City- 
Vicksburg equivalent gauge relation on Plate 5). Also observation 67 plots with a 
discharge value decidedly larger than the curve value of the period (see Plate 10). 
It is seen by the hydrographs that this lust about coincides in time with a sharp 
swell in the Yazoo and Red Rivers, and as the same rains that caused these rises 
should cause contributions from tne left bank tributaries between Vicksburg 
and Red River Landing, it is very clear that the above irregularities are due to the 
error in the method of aeducine the Vicksburg discharge. Finally any error in the 
Vicksburg gauge reading would cause irregularities. The scattering of points in the 
e<]^uivalent gauge relation and in discharge, plotted to gauge, are thought to lie 
within tiiese causes of error. 

As after observation No. 101 the Red River Landing sequence is only hypothetical, 
the normal curves have not been carried further than that. Also, only on those days 
of observations at Red River Landing have the values of Vicksburg discharge been 
plotted on Plate 10, and these have been given the Red River Landing numbers. 

Tabulation IX gives the equivalent gauge heights and X the normfd curves. 
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As a final summary of tho rcsalts of this investigation of the 1884-'85 data, it has 
confirmed the suggestions of former data as to the existence of a normal curve at eaeh 

Soint, and its shitting from time to time on the^auge scale. It has enabled us to 
etermine these normal curves from Helena to Carrollton with a degree of preci- 
sion believed to be within 0.2 feet in the total range on any of the gauges. It has 
established the fact that changes of plano^ at aU but the low stages, are not local 
phenomena, but are transmitted down the river, simply receiving as additional effects 
all further changes that may occur bolow. It has given us absolute values of several 
changes of plane occurring below Helena, and these confirm former conclusions in 
regard to the very large value of these changes at the mouth of Red River, when c<Hn- 
pared with similar changes at other points. And last, it has enabled us to traoe out 
in one ^stance the complex operation of a law that all admit is true, viz, that hav- 
ing a ^ivon variation of volume at the head of the river through a t>eriod and given 
» variations of the tributaries below, the discharge at any instant in the period and at 
any point in its course is absolutely determined. 
Very respectfully, your obedient servant, 

James A. Seddoh, 
«^ Asii9tant Engin^mr, 

Lieut. Col. Chas. R. Suteb, 

• Corps ofEnffineera, U. S, A., 

SU Lauii, Mo 
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Tabulation U.-—ffelma- Arkansas City equivalent gatttfe heights. 
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17.10 
16.75 
16.45 
16.20 
16.05 
16.30 
16.50 
16.60 
16.40 
16.25 
16.10 
16.00 
16.70 
15.20 
14.65 
14.00 
18.85 
12.75 
12.25 
11.70 
11.20 
10.70 
10.25 
0.85 
0.50 
8.25 
0.05 
8.05 
0.00 
8.80 

in 

8.60 

8.50 

8.65 

0.10 

0.75 

10.65 

1L40 

11.00 

12.00 

1L60 

10.85 

10.30 

0.55 

8.80 

8.20 

7.80 

7.40 

7.60 

8.85 

10.06 

12.76 

15.00 

16.66 

17.00 

18.10 

18.40 

18.40 

18.15 

17.85 

16.80 

16.86 


4551 

447 

423 

406 

405t 

414 

408t 

405 

410 

414 

417 

304 

soot 

380 1 

375 

357 

354 

352 

352 

366 

368t 

852 

358 

362 

350 

345 

338 

823t 

313 

200 

206 

285 

200 

268 

260t 

254 

256t 

255t 

241 

250 

258 

250t 

260t 

248 

246 

238 

240 1 

241 

250 1 

250 

283 

288 

202 

287 

285 1 

270 1 

260 

252 

247 

238t 

234 

221 

220t 

248 

286 

821 


1 
2 
8 
4 
6 
6 

8 


10 
11 
12 


Carre 1... 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


21.65 
21.35 
20.40 
10.65 
10.60 
20.00 
10.80 
10.60 
20.16 
20.00 
20.10 
10.10 
18.00 


1884. 

T)M>. 28 

20 

30 

81 

1885. 

Jan. 1 

2 

3 

4 

6 

6 

7 

8 



10 

11 

12 

13 

14 

15 

16 

17 

18 

10 

20 

21 

22 

23 

24 

25 

26 

27 

28 

20 

80 

81 

Feb. 1 

2 

8 

4 

6 

6 

7 

8 



10 

11 

12 

13 

14 

15 

16 

17 

18 

10 

20 

21 

22 

23 

86 

27 

28 

Mar. 1 

10 
11 
12 


15.85 
15.00 
16.85 
20.80 

23.35 
26.15 
28.70 
31.10 
32.90 
84.56 
35.55 
36.30 
86.85 
87.30 
87.60 
38.10 
38.50 
80.05 
80.80 
40.30 
40.61 
40.05 
41.05 
41.20 
41.30 
41.85 
41.50 
41.60 
41.50 
41.60 
41.60 
41.70 
41.70 
41.70 
41.75 
41.70 
41.60 
41.35 
40.80 
30.00 
38.70 
87.45 
36.30 
35.15 
34.15 
33.60 
33.20 
32.06 
82.70 
82.55 
82.26 
82.20 
32.25 
32.80 
32.20 
31.05 
31.35 
30.50 
20.65 
28.45 
27.06 
25.40 
24.00 
22.80 
22.10 
21.80 
21.75 
21.85 
22.15 
22.60 
23.15 
23.85 
24.65 
26.50 
2&70 


8401 
340 
376 
458 

657 
637 
710 


"'ei' 

65 
66 

67 
68 
69 


Curvel... 

...do 

-do 

...do 

...do 

...do 

...do 

do 


16.66 
16.66 
18.20 
a. 75 

25.60 
28.35 
31.00 


22 




do 




23 




."V - - 




24 
25 


802 

0351 

960 

980 

0011 

1,016 

1,0221 

1,045 

1.0801 

1,117 


70 


Curves... 
do . 


37.65 
38 86 


26 


72 
"'73' 
"'75' 
"*78" 


...do 

--.do 

...do 

...do 

...do 

...do 

...do 

...do 


30.75 


27 
28 
20 
30 
31 
KOT. 1 
2 
8 


18 
14 
16 
16 
17 
18 

"io' 

20 
21 
22 
28 
24 


Oiirve2... 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do .... 


17.66 
16.75 
16.65 
16.56 
16.65 
17.10 
17.20 
16.60 
16.80 
17.00 
16.06 
16.20 
15.86 
15.25 
14.75 
14.00 
13.80 
18.35 
12.40 
12.40 
12.00 
11.70 
11.80 
11.75 
11.00 
11.45 
11.65 
1L45 
U.45 
11.10 
11.20 
10.80 
10.00 
10.05 
11.45 
11.00 
13.20 
13.40 
13.70 
13.40 
13.30 
12.50 
12.00 
11.60 
11.30 
10.80 


40.05 
40.35 
40.05 
41.20 
41.70 
42.00 
43.55 


4 






Cwrva4... 
...do 




5 








6 

7 
8 


1.060 
1.0601 
1.072 
1,002 


70 

'■'80" 
81 


...do 

...do 


43.40 
43.40 


Q 


Curve3... 
...do 


42.00 


10 


25 
26 
27 
28 
20 
80 


...do 

...do 

...do 

...do 

...do 

...do 

...do 




11 






...do 




12 
13 






...do 

...do 




14 






...do 




15 






...do 




16 






...do 




17 
18 


81 


...do 

...do 


1,064 
1,0801 
1,07} 
1.049 
1,026 
080 
030 
880 
8381 
787 
7601 
743 
730 
7401 
7451 
7401 
784 
7301 
735 
7351 
7301 
726 
7001 
660 
626 
6101 
5651 
610 
484 


82 


...do 

...do 


42.25 
42.60 


10 




...do 


83 
84 
85 
86 
87 






20 


84 
85 
86 


...do 

...do 

...do 

...do 






21 
22 
28 


CiirTe4... 

...do 

...do 

...do 


42.30 
41.10 
30.80 


24 




...do 


38.46 


26 
26 

27 


88 
80 
40 


...do 

...do 

...do 

...do 

...do 

...do 


"m 


...do 

...do 


37.25 
35.76 


28 

20 
80 


00 
01 


Curves... 

...do 

...do 


33.30 
32.00 
33.20 


D«o. 1 
2 


42 
48 
44 

46 
46 


::t :::::: 

...do 

• -do 

...do 

...do 




...do 

...do 


83.36 
33.20 


8 

t 
6 


04 
OS 

06 


...do 

...do 

...do 

do .. 


88.05 
32.90 
33.06 
33.06 


7 




...do 




...do 


32.00 


8 



48 

48 
60 

'**62* 
63 


...do 

-do 

...do 

...do 


86 


...do 

...do 


32.76 
32.00 


10 
11 
12 


00 
100 


...do 

...do 

..do 


30.06 
20.50 
20.00 


18 


Cnrvel... 
...do 


10.70 
10.60 
1L85 
14.05 
15.00 




...do 


27.85 


14 


101 
102 


...do 

...do 


25.85 


16 
16 


64 
65 
66 


...do 

...do 

...do 

...do 


24.80 


17 


470 

458 

4601 

450 

471 

401 

4051 

504 

534 

5601 

600t 


103 
104 
105 
106 
107 
108 






18 


Currel... 

...do 

...do 

...do 

...do 

...do 


2L80 


10 

20 
21 


866 
800 

404t 

415 

410 1 

806 

305 1 

365 

860t 


68 

60 


...do 

...do 

. do 


17.85 
18.00 
10.60 
20.05 
10.80 
19.20 
19.15 
17.85 
17.15 


21.85 
21.85 
22.30 


22 
23 


60 


...do 

...do 


23.10 
23.25 


24 
25 


62 


...do 

...do 


100 
UO 


...do 

...do 

...do 


23.65 
24.75 


26 


68 


...do 

...do 


25.70 


27 


111 


...do 


2176 
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Tabuuition II. — Helena- Arkawiaff City equivalent gauge hcigkta — Continued. 



ii 






i 
I 



^ 

§1 



II 



§ 



1886. 
Har. 18 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
84 
25 
26 
27 



2&10 
28.25 
30.20 
30.85 
31.85 
82.00 
32.70 
33.40 
34.00 
84.40 
34.75 
84.85 
84.85 
34.75 
34.55 
34.80 
83.90 



8201 

640t 

675t 

698 

717 

742 

767 

779 

795 1 

805t 



801 
791 
801 
789 
780 
765 1 



114 



115 
116 
117 
118 
119 
120 



Curve 5. 
..do.... 
..do..., 
..do.... 
..do.... 
..do.... 
..do.... 
..do.... 
..do.... 



122 
123 
124 
125 



Carve 6 . 
..do.... 
..do.... 
..do.... 
..do.... 



29.55 
30.70 
31.45 
32.05 
82.85 
83.60 
33.95 
34.45 
34.80 



35.45 
35.80 
35.35 
35.10 
34.65 



1885. 

Mar. 30 

31 

Apr. 1 

2 

8 

4 

5 



83.30 
32.60 
31.75 
30.80 
29.90 
28.85 
28.00 
27.35 
26.00 
26.75 
27.05 
27.95 
29.05 
30.25 
31.00 
31.85 
32.55 



743 

714 

687 

669 

654 

618 

^95 1 

562 

501 

550 

667 

594 

628 

605 



127 

128 
129 
130 
131 
132 

133* 
134 
135 
136 



Curve 6. 
..do.... 
..do.... 
..do.... 



Curves. 
..do.... 
...do.... 
..do.... 
..do.... 
...do.... 
...do.... 
..do.... 

:t:::: 

...do.... 
...do.... 



34.00 
83.10 
32.20 
31.60 



29.20 
28.40 
27.35 
27.35 
27.10 
27.40 
28.40 
29.55 
30.80 
31.60 



Tabulation III. — Helena and Jrkansae City eequenoee of discharge with incrementa 
between the p&inta, and with sum of the Arkansas and White River discharges. 



HtlouidBtet. 


1 


1 


1 


"1 

3 


1 


1 


•d § 

HI 

1" 


'1 

« c 

fix 
'SI 


1884. 
Oct 8 


20.25 
19.95 
19.55 
19.00 
18.50 
18.00 
17.65 
17.60 
17.65 
18.00 
18.30 
18.40 
18.45 
18.35 
18.20 
17.75 
17. 3C 
16.90 
16.55 
16.30 
16.00 
16.10 
16.26 
16.35 
16.50 
16.15 
16.00 
16.80 
15.55 
15.15 
14.75 
14.20 
13.60 
13.10 


Curve (1) . 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


421 

412 

403 

392 

380 

369 

361 

858 

361 

369 

876 

379 

380 

378 

372 

364 

361 1 

300 

352 

347 

340 

343 

846 

849 

851 

843 

840 

336 

330 

322 

313 

303 

291 

282 


20.4 
20.9 
20.8 
20.3 

19.7 
19.0 
18.6 
18.1 
18.0 
18.2 
18.8 
18.3 
18.3 
18.1 
17.9 
17.6 
17.2 
16.8 
16.4 
16.1 
16.0 
16.2 
16.5 
16.6 
16.5 
18.3 
16.2 
16 
15.8 
15.4 
14.8 
14.1 
13.6 
13.0 


Curve (1). 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

::t :::::: 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


466 

480 
477 
468 
447 
430 
417 
407 
404 
410 
412 
412 
412 
407 
402 
894 
385 
376 
366 
359 
367 
361 
868 
370 
368 
363 
361 
357 
351 
342 
328 
313 
307 
298 


44 

68 
74 
71 
67 
61 
66 
49 
43 
41 
86 
33 
82 
29 
30 
80 
24 
16 
14 
12 
17 
18 
22 
21 
17 
20 
21 
21 
21 
20 
15 
10 
16 
16 


74 


5: ':::"":i;;::i!!. 


9i 


10 


85 


11 


72 


12 


69 


13 


48 


14 


40 


Ifi 


87 


16 


88 


17 


86 


18 


82 


19 


30 


20 


28 


21 


27 


22 


27 


23 


27 


24 '. 


26 


25 


Curve (2) . 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


26 


26 


26 


27 


26 


28 


29 


29 


47 


80 


48 


81 


41 


KOT. 1 


86 


2::::::::::::;::::;;: 


87 


8 


45 


4 


47 


5 


41 


6 


37 


7 


84 


8 


31 


9 


30 


10 




8» 
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Tabulation III, — Helena and Arkansas Citij seqnencvs of discharge^ etc. — Coiiiinucd. 



Helena dates. 


i 


1 


i 


u 


1 
1 


< 


1 


1 


1884. 

JJOT 11 


i2.65 
12.10 
11.70 
11.25 
10.95 
lO.fiO 
10.25 
10.00 
9.85 
9.70 
9.60 
9.&5 
9.55 
9.40 
9.35 
9.10 
8.00 
8.^ 
9.10 
9.75 
10.60 
10.85 
10.95 
10.85 
10.65 
10.25 
9.70 
8.95 
8.35 
7.85 
7.45 
7.25 
7.20 
7.75 • 
8.70 
9.85 
11.00 
12.10 
13.25 
14.20 
14. 85 
15.25 
15.25 
14.80 
13.95 
13.00 
12. 10 
12.15 
12.90 
14.85 
17.75 

20.76 
%\. 90 
20. 90 
29.15 
30. 60 
31.55 
31.95 
32.25 
32. 50 
32. 80 
33.10 
33.70 
34.35 
35.00 
35.80 
30.45 
36.90 


Curve (2) . 

...do 

...do 

...do 

...do 

...do*. 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do • 

...do 

...do 


274 
263 
254 
247 
240 
2»4 
22H 
22:i 
220 
218 
217 
215 
216 
212 
211 
207 

ao4 

204 
207 
219 
232 
239 
241 
239 
236 
228 
218 
206 
196 
180 
170 
167 
166 
178 
189 
207 
229 
248 
270 
289 
301 
810 
310 
300 
283 
266 
248 
249 
263 
801 
863 

433 

512 
594 
634 
659 
688 
700 
710 
717 
727 
737 
756 
779 
800 
805 
810 
826 


12.8 

11.8 
11.3 
10.8 
10.4 
10.0 
9.6 
9.3 
9.2 
9.0 
9.0 
9.0 
8.8 
8.7 
8.6 
8.5 
8.6 
9.0 
9.6 
10.3 
11.0 
11.7 
11.9 
11.7 
11.0 
10.4 
».7 
9.0 
8.4 
8.0 
7.6 
7.6 
8.8 
10.6 
12.6 
14.6 
16.1 
17.2 
18.0 
18.3 
18.4 
18.3 
17.9 
17.2 
16.1 
16.4 
15.8 
16.4 
19.1 
22.6 
25.6 

28.0 
30.6 
82.4 
84.1 
86.3 
36.1 
36.7 
37.2 
87.6 
37.9 
38.3 
8a8 
39.6 
40.2 
40.6 
40.9 
4L0 




280 
280 
270 
263 
200 
366 
265 
252 
260 
247 
247 
247 
242 
241 
230 

230 
247 
252 
273 
287 
801 
806 
301 
287 
278 
200 
247 
234 
227 
220 
218 
242 
376 
813 
836 
858 
885 
408 
412 
418 
412 
402 
886 
856 
841 
850 
806 
482 
620 
«10 

090 

777 

843 

870 

899 

930 

954 

978- 

986 

1,001 

1,017 

1.030 

1,072 

1,099 

1,107 

1,119 

1.1U 


15 
17 
18 
10 
30 
38 
27 
20 
80 
SO 
80 
82 
27 
SO 
38 
80 
86 
48 
45 
58 
56 
08 
04 
63 
08 
45 
42 
43 
80 
47 
50 
51 
70 
108 
138 
138 
139 
187 
188 
138 
113 
103 
93 
85 
75 
75 
103 
117 
109 
225 
847 

367 
265 
248 
338 
340 
243 
364 
368 
388 
374 
380 
288 

299 
803 
800 


f7 


12 




30 


13 




35 


14 




lil 


15 




18 




34 


17 . , 




23 


18 


Curve <2) . 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


28 


10 


28 


20 


S3 


21 


38 


22 


88 


23 


24 


24 


30 


25 


80 


26 


84 


27 


41 


28 


48 


29 


68 


30 


66 


Deo. 1 


64 


2 


08 


3 


66 


4 


48 


5 


43 


6 


ao 


7 


87 


8 


86 


g 


88 


10 


30 


11 


Curve 1... 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do...:.. 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


80 


12 


40 


13 


00 


14 


105 


15 


110 


16 


Curve i... 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


141 


17 


156 


18 


166 


19 


148 


20 


123 


21 


110 


22 


103 


23 


00 


24 


78 


25 


78 


26 


07 


27 


f4 


28 


00 


29 


80 


30 


100 


81 


345 


1885. 
Jan. 1 


371 


2 


804 


3 


808 


4 


806 


5 


Curve 3... 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


Curves... 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


201 


6 


308 


7 


347 


8 


230 


9 ,... 


318 


10 


107 


n 


188 


12 


184 


13 


170 


14 


178 


16 


106 


16 


Curve 4. . . 
...do 




lOBI 


17 




Ift 
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Tabulation III. — Helena and Arkansas City ecqucncts of dischargej c/c— Continued. 



Helena dates. 



1885. 

Jan. J8 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Feb. 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

IB 

19 

20 

21 

22 

23 

24... 

26 

26 

27 

28 

Mar. 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 »^. 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

36 






Curve (4) 



Curve 3.., 

..do , 

..do 

..do 

..do 

..do 

..do , 

..do ...... 

..do , 

..do 



Curve (4) 

..do 

..do 

..do , 

..do , 

..do 



Curve (3) 

..do 

-do , 

..do 

..do , 

..do 

..do 

..do , 

..do 

..do , 

..do , 

..do , 

•do 

..do , 

..do 

..do , 

..do 

..do 






§ 



Curve (1) , 
...do 

..do 

..do 

..do 

...do 

..do 

..do , 

...do 

...do 



Curve (5) . 

...do 

...do 

...do 

...do 

...do 



Curve (6) 
...do 

..do 

...do 

...do 



838 
860 
890 
915 
929 
947 
950 
970 
983 
992 
996 
1,002 
1,002 
096 
945 
8K3 
82;] 
757 
601 

6:i:» 

5HH 
508 
555 
545 
543 
546 
553 
555 
505 
5H3 
602 
621 
025 
621 
600 
569 
530 
489 
443 
407 
384 
370 
357 
343 
336 
336 
343 
358 
379 
399 
427 
iv;.\ 
500 

5S3 
. 615 
637 
652 
677 
695 
714 
728 
732 
735 
729 
725 
720 
708 



I 






I 

5 






ill 



41.2 
41.8 
41.3 
41.4 
41.5 
41.5 
41.5 
41.6 
41.7 
41.7 
41.7 
41.7 
41.7 
41.7 
41.4 
41.0 
40.0 
39.0 
37.8 
36.6 
35.4 
34.4 
33.8 
33.3 
33.0 
32.8 
32.6 
32.4 
32.2 
32.2 
32.3 
32.2 
32.0 
31.5 
30.8 
30.0 
28.9 
27.4 
26.1 
24.5 
23.2 
22.3 
21.9 
21.8 
21.8 
22.0 
22.5 
23.0 
23.7 
24.5 
25.2 
26.4 
27.7 
28.9 
29.9 
30.6 
31.2 
31.8 
32.5 
33.3 
34.0 
34.3 
34.6 
34.8 
35. 
34.9 
34.7 
34.8 



Curve 4 . . 

...do 

...do 

...do , 

...do 

...do 

...do 

...do 

...do 

...do 



Curve (5) . 

...do 

...do 

...do 

...do 

...do 

...do..:... 

...do 

...do 



Curve (4) 

...do 

...do 

..dc 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 



Cun-e (6) 

...do 

. do 

-.do 

..do 

..do 

..do 

..do 

...do 

..do 



C^irve (7) 

..do 

..do 

...do , 

...do , 

..do 



Curve (8) 

...do , 

...do 

...do 

-.do 



1,108 

1,103 

1,090 

1,082 

1,087 

1,087 

1,087 

1.091 

1,095 

1,095 

1,095 

1,095 

1,095 

1,082 

1, 055 

1,022 

981 

940 

894 

849 

804 

770 

749 

732 

738 

745 

743 

738 

730 

730 

734 

730 

724 

706 

683 

657 

622 

577 

540 

404 

474 

44» 

463 

460 

460 

466 

480 

493 

512 

.535 

554 

500 

616 

634 

666 

690 

709 

720 

753 

770 

789 

790 

792 

795 

803 

800 

793 

779 



270 
243 
200 
167 
158 
140 
128 
121 
112 
108 
99 
93 
93 
86 
110 
1.39 
158 
183 
203 
214 
216 
202 
191 
187 
195 
199 
190 
183 
165 
147 
132 
109 
99 
85 



92 

88 

97 

87 

90 

93 

106 

117 

124 

130 

137 

135 

133 

136 

127 

127 

116 

101 

83 

75 

72 

77 

78 

75 

75 

62 

60 

60 

74 

75 

73 

71 



%x 



la 
F 



162 
178 
164 
152 
139 
125 
117 
110 
104 
99 
100 
97 
98 
95 
96 
04 
93 
92 
91 
96 
106 
129 
147 
153 
160 
158 
152 
139 
124 
110 
98 
89 
84 
80 
74 
70 
67 
64 
62 
68 
67 
80 
106 
128 
135 
140 
146 
144 
141 
136 
132 
121 
109 
101 
93 
87 
84 
92 
103 
107 
102 
106 
106 



86 
83 
83 
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Tabulation III. — Helena and Arkansas CxUj sequences of dischargef etc, — Continued. 

















is 


1.- 










i 


• 


1 


1^ 


Il 




1 


1 


i 




t 

1 


1 
s 


^ 


11 




1 




1 


•a 


1 


s 
•a 


III 






H 


w 


w 


^ 


< 


^ 


1885. 


















Mar. 27 


82 40 


...do 

...do 

...do 

...do 


803 


34.0 


Carve (8) 

...do 

...do 

...do 

...do 


709 


78 


82 


28 


81.85 
30.70 
29.55 
28.30 
26 90 


870 
841 
807 
572 
545 


33.4 
32.8 
32.1 
31.1 
30 


748 
727 
704 
871 
647 


78 
86 
97 
90 
102 


86 


20 


fi7 


30 


87 


81 


87 


ApiU 1 


85 




26.80 
24.85 
23.90 
23.30 
23.00 
23.10 
23.80 
24.70 
28.20 


Curves... 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


517 
403 
473 
458 
450 
453 
485 
404 
535 


29.2 
28.2 
27.5 
27.0 
28.8 
27.0 
27.7 
28.8 
80.0 


Curve 4... 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


631 
600 
580 
585 
559 
565 
588 
619 
857 


114 
107 
107 
107 
109 
112 
121 
125 
122 


83 


8 


81 


4 


83 


6 


90 


6 


94 


7 


95 


8 


118 


9 


135 


10 


185 







Tabulation IV. — Arkansas City-Bed Biver Landing equivalent gauge heights. 







i 






1 






6 






4 


1 


i 


\ 


1 


1 


1 


j 


1 




1 


1 


1 
1 


1 


1 


j 


1 


^ 


23 


J 


J 


5 ' 


4 




^ 

Q 


1 


1 


1 




•5 


1 


1 


1 


1 
1 






s 


1 


2 


^ 


2 


s 


3 


% 


t 


1884. 








1884. 












Got. 11 


14 5 






Curve (1) 
...do 




Nov. 8 


18 4 


338 


25 


Carve (1) 

...do 

...do 

...do 

...do 


15.0 


12 


15.3 
15 9 
16.4 
16.5 








9 
10 
11 
12 


13.3 
13.2 
12.9 
12.6 


328 1 
323 
317 
320 


"26" 
27 

28 


14 8 


13 






...do 




14.5 


14 






.. do 




14 3 


15 


395 


8 


...do 


17.6 


14.4 


16 


16.4 


402 


9 


...do 


17.9 


13 


12.2 


303 


29 


...do 


13.7 


17 


18.1 


888 


10 


...do 


17.3 


14 


11.9 


301 


30 


...do 


13 5 


18 


16.7 
15.6 
15.8 
15.2 
15.2 
15.2 
15.2 
15.3 
15.3 
15.2 


874 

371 1 

887 

377 

388 

8fl7t 

886 

389 


11 


...do 

...do 


16.8 
16.6 
16.5 
16.9 
16.5 
16.4 
16.4 
16.5 


15 
18 
17 
18 
19 
20 
21 
22 
23 
24 


11.5 
11.0 
10.6 
10.1 
9.7 
9.3 
8.9 
8.6 
8.6 
8.3 











19 








SO 


12 
13 
14 


...do 

...do 

...do 

...do 










21 










22 










23 










24 


15 
16 


...do 

...do 

...do 










25 










28 










27 






...do 




247 


37 


Curve (2) 


9.0 


28 


15.0 


885 


17 


...do 


16.4 


25 


8.1 


239 


38 


...do 


8.6 


20 


14.7 


358 1 




...do 


16.1 


26 


8.0 


230 


39 


...do 


8.2 


80 


14.4 
14.1 


348 
853 


18 
19 


...do 

...do 


16.7 
15.9 


27 
28 


7.9 
7.9 


228t 
225 




. do 


6 


31 


40 


...do 


7.9 


»ov. 1 


13.8 


359 


20 


Curve (1) 


16.1 


29 


7.7 


228 


41 


...do 


8.1 




13.7 
13.6 
13.6 






...do 




30 


7.6 






. .do 










...do 














553 


21 


...do 


15.9 


Dec 1 


7.5 


237 


42 


Curve (2) 


8.5 




13.7 


343 


22 


...do 


16.5 


2 


7.5 


235 


43 


...do 


&4 




13.7 


844 


23 


...do 


15.5 


3 


7.7 


232 


44 


...do 


8.3 




18.8 


835 


24 


...do 


15.1 


4 


8.1 


254 


45 


...do 


9.5 
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Tabulation IV. — Arkansas City-Bed River Landing equivalent gaugehcights — Continned. 



1 

1 

1 


1 

60 

1 
J 




o 

1 


i 

5 

1 


4» 
1 


1 


1 


1 

• 

1 

d 

1 

1 


1 

1 


1 







1 


1 


1 


s 


^ 


1 


1 


1 


4 


3 


1884. 
Deo. 5 


8.8 
0.5 
0.8 
10.0 
10.0 
0.8 
0.5 
0.2 
8.7 
8.5 
&4 
7.0 
7.7 

ao 

0.0 
10.3 
11.0 
13.4 
14.5 
15.2 
15.8 
16.1 
16.2 
18.3 
17.0 
18.2 
10.4 

20.4 
21.3 
23.2 
25.4 
27.7 
20.7 
31.5 
32.8 
34.1 
35.2 
35.0 
36.6 
37.2 
37.6 

3ao 

38.5 
38.0 
30.2 
30.4 
30.8 
40.1 
40.4 
40.7 
41.0 
41.2 
41.4 
41.5 
41.6 
41.7 
41.8 
41.8 






Curve (2) 

...do 

...do 


"o.'e" 


1885. 

Feb. 1 

2 

3 

4 

5 

6 

7 

8 



10 

11 

12 

13 

14 

15 

16 

17 

18 

10 

20 

21 

22 

23 

24 

25 

26 

27 

28 


41.0 
41.0 
41.0 
41.0 
42.0 
41.0 
41.8 
41.7 
41.4 
41.1 
4618 
40.5 
40.1 
30.7 
30.2 
38.8 
38.4 
38.0 
37.7 
37.5 
37.3 
37.1 
36.0 
36.8 
36.8 
36.4 
35.0 
35.3 


l,185t 
1,133 


'75' 


Curve (4) 

...do 

...do 


42.7 


7 


257 


46 


42.6 


8 
9 
10 


264 
250 
262 


47 
48 
40 


...do 

...do 

...do 

do 


10.0 
0.7 
0.9 


l,135t 

l,140t 

1,137 

1,130 

l,115t 

1.085t 

l,0«Ot 

1,043 

l,020t 

l.OOOt 

070 

055 1 

043 

0181 

ooot 

886 
884 
871 


76 
77 
78 
79 

"'so' 

81 
82 


...do 

...do 


42.7 
42.8 


11 






12 
13 
14 


256 
239 


50 
51 


...do 

...do 

An 


0.5 

a6 


Curve (5) 

...do 

...do 

...do 

...do 

...do 


43.2 

42.4 

' 41.9 


15 




...Ho 




41.5 


16 
17 


234 


52 


...do 

An 


8.4 


41.0 
40.5 


18 




.do 




83 

*84" 
85 


...do 

...do 

...do 


40.0 


10 
20 
21 


251 
201 


53 
54 


...do 

...do 

...do 


0.2 
11.2 


39.4 
39.1 


22 


382 
365 1 
885t 
402t 
412 1 
415 1 
420 1 


55 
56 
57 










23 
24 
25 


Curve (1) 

...do 

...do 


16.4 
17.2 
17.0 
18.3 
18.4 
18.6 


86 
87 
88 


Curve (4) 

...do 

...do 

...do 


36.5 
36.5 
36.2 


26 




An 




27 


\ An 






...do 




28 
29 




...do 

...do 


870 

863 

845t 

815 

793 


89 
90 


...do 

...do 

...do 


36.1 
80.0 


■ 80 


421 
440 


50 

60 


...do 

...do 

Curve (1) 

...do 

...do 

An 


18.7 
10.8 


35.5 


31 
1885. 


91 
92 


...do 

...do 


34.7 
34.0 


Jan. 1 




1 








8 
3 

4 


484 
522 


61 
62 


21.1 
22.5 


Mar. 1 
2 
3 

4 
5 
6 
7 
8 

10 
11 
. 12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


34.6 
33.0 
33.2 
32.2 
31.3 
30.5 
20.8 
20.3 
28.0 
28.6 
28.5 
28.6 
28.7 
29.1 
29.6 
30.2 
30.8 
31.4 
32.0 
32.4 
33.0 
33.6 
34.1 
34.3 
34.6 
35.0 
35.1 
35.2 
35.3 
35.3 


768 1 

728 

705 

670 1 

663 

638 

625 1 


'93 
94 


Curve (4) 

...do 

...do 

...do .:.... 


33.3 
32.1 
31.5 


6 




An 




80.4 





*686 
*758 

826 

870 1 

806 




do 


27.8 
30.0 
31.0 
33.1 


95 
96 
97 






7 




.. do 






8 
9 


63 
65 


...do 

...do 


Curve (6) 
...do 


27.6 


10 


617 


98 


...do 

...do 


27.8 


11 


Curve (3) 

...do 

...do 

...do 

...do 

do 


*'36.'2* 
37.1 
37.4 
37.9 
38.5 
39.0 
39.4 
30.6 
40.1 
40.3 




12 
18 


035 1 
071 
082 1 
l,002t 
l,027t 
1,048 
1.062t 
1,073 
l,004t 
1,101 


*"*66* 


624 


99 


...do 

...do 


27.6 


14 
15 
16 


621 
623 


166 
101 


...do 

...do 


27.4 
27.5 


17 


67 


...do 

. do 










18 










10 


68 


...do 

do 










20 










21 


60 












22 












28 


















24 








. 










25 


















26 


















27 






Curve (4) 
...do 












28 














20 


1,127 
l,130t 


73 
74 


...do 

...do 

...do 


42.5 
42.5 










80 










81 





























*Tlieie were scaled from compariBon of CarroUton and Red River Landing sequence. 
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Tabulation V. — ArJcansaa City normal curve* ^ unik the corresponding Red JRiver Land- 
ing equivalent gauge heighi8y on the vaHoua linee of the equivalent gauge relation, giving 
the various- Bed Hirer Landing normal curves. 



ArkansaB City 


Bod River Landing oqnivalent 
gauge on lines. 


Talnet of discharge scaled on 
kansaa City normal 


the Tarioua Ar- 
cnrves. 


gange. 


a. 


1 


% 


8 


4 


1 


2 


8 


4 


5 


6 


7 


8 


4 


4.85 

6.50 
8.15 
0.8U 
11. 45 
13.10 


4.25 

5.90 
7.55 
9.20 


10.05 
11.70 


10.45 
12.10 


9.55 
11.20 
12.85 
14.50 
18.15 
17.80 


128 

160 

193 

229 

269 

310 

356 

404 

454 

509 

566 

626 

691 

759 

829 

903 

983 

1,066 

1,150 

1,241 

1,336 

1,435 

1,539 


158 
191 
227 
2W 
307 
352 
400 
451 
505 














e 














g 


13.35 13.75 
15.00 il5.40 














10 














12 


10.85 16.65 ',17.05 
12.50 !l8.34) 18.70 















14 








.... 






16 


14.75 14.15 :10.95 20.35 19.45 














18 


16.39 15-79 "51.59 


21. 99 ;21. 09 
23. 64 !22. 74 
25. 29 24. 39 
26.94 .90.01 














20 » 


18.04 
19.69 
21.34 


17.44 ,23.24 
19.09 24.89 
20.74 20.54 














22 




429 
481 
536 
595 
657 
724 
792 


402 

453 

507 

563 

624 

6B0 

766 

827 

902 

981 

1.063 

1,149 

1,238 








24 




627 
58r{ 
645 
710 
779 
850 
926 


521 






26 


22.39 28.19 !28. 59 '27.69 
24.04 29.84 '30.24 29.34 
25. 68 !31. 48 31. 88 30. 98 
27. 33 .33. 13 33. 53 .32. 63 


678 


547 




28 




639 

703 
772 
843 
919 


605 
670 
736 

805 

fiTQ 


573 


30 

32- 




635 
701 


34 




28.98 
;«).63 

:^2.28 


34.78 35.18 
.36.43 36.83 
.Ifi Oft 38.48 


34.28 
35.93 
37.58 
39.23 
40.87 
42.32 
43.97 


769 


36 




840 


38 




1, 005 942 
1,090 1 023 
1,178 1,107 
1 270 1 1Q« 


998 ^7 


916 


40 




33.9a j^VilR ,40.13 


!'.!!'.! 


1,041 


906 


42 




35. 57 
37. 22 
38.87 
40.52 


41.37 
43.02 
44.67 


41.77 
43.42 
45.07 




44. .t 











46 




i;865 i;288' 








48 























1 







Tabulation VI. — Arkansas City and Red River Landing sequences ofdisdkarge, with in-^ 

crements hettpeen the points. 



1 


1 


i 


m 


1 


111 


1 


i 


1 




i 


i&t. 


1 


1 


ts 






s 

'O 


& 


1 




•5 . 




M 


1 


J 


5 




M 




J 


J 


.3? 




sli 


1 

2 


i 


1 
1 


1 


OS 

s 

1 




t 

S 


1 

3 


1 
1 


1 


1 

< 


M 


1884. 












1 

1884. 












Oct 11 


14.5 










Nov. 9 


13.3 


Curve (1) 


832 


861 


—» 


12 


15.3 
15.9 
16.4 
16.5 










10 

11 

12 

1 13 


13.2 
12.9 
12.6 

12.2 


...do...... 

...do 

...do 

...do 


330 
321 
313 
803 


357 
351 

342 
328 


87 


13 










30 


14 




1 




29 


15 


Curve (a) 


406 


480 


—74 


25 


16 


16.4 


...do 


403 


477 


. 74 


14 


n.9 


...do 


296 


313 


17 


17 


16.1 


...do 


3U.') 


46.3 


68 


15 


11.5 




291 


307 


16 


18 


15.7 


...do 


383 


447 


64 


16 


11.0 





286 


296 


13 


19 


15.6 


...do 


377 


430 


53 


17 


10.6 




281 


288 


8 


20 


15.3 


...do 


370 


417 


47 


< 18 


10.1 




276 


280 


— 4 


21 


15.2 


...do 


368 


407 


39 


i 19 


9.7 




271 


270 


+ 1 


22 


15.2 


...do 


368 


404 


36 


1 20 


9.3 


Curve (2) 


268 


263 


+ 6 


23 


15.2 


...do 


3as 


410 


42 


21 


8.9 


...do 


258 


260 


— 2 


24 


15.2 


...do 


3«;.^ 


412 


44 


22 


8.6 


...do 


251 


256 


5 


25 


15.3 


...do 


370 


412 


42 


23 


8.6 


...do 


251 


266 


4 


26 


15.3 


...do 


370 


412 


42 


24 


8.3 


...do 


245 


252 


7 


27 


15.2 


...do 


3<»8 


407 


39 


25 


8.1 


...do 


240 


250 


10 


28 


15.0 


...do 


362 


402 


40 


26 


rt.o 


. -do 

...do 

...do 


237 


247 


10 


29 


14.7 
14.4 
14.1 




3(ij 
3.'jU 

3.M 


39 i 
385 
376 


34 
26 
21 


27 
28 
29 


7.9 
7.9 
7.7 


235 
231 


247 
247 
248 


12 


30 




12 


31 


Curve (1) 


11 


Nov. 1 


13.8 


...do...... 


34 r. 


366 


20 


30 


7.6 


-do 


229 


241 


12 




13.7 


...do 


34;{ 


:'.5y 


16 


Deo. 1 


7,5 


...do 


226 


239 


13 




13. ti 


...do 


:uo 


:ir»7 


17 


2 


7.5 


...do 


226 


237 


11 




13. « 


. . .d(» 


34(1 1 


301 


21 


3 


7.7 


...d« 


*m 


239 


8 




13.7 


.. .do 


343 ' 


3(W 


25 


4 


M.l 


-do 


340 


247 


— 7 




13.7 


...do 


34:j 


370 


27 


5 


K.8 


.do 


257 


252 


+ 5 




13. « 


...do 


340 


368 


28 ; 


6 


9.5 


...do 


273 


272 


+ 1 




13.4 


...do 


335 1 


863 


-28 


7 


9.8 


...do 


380 


287 


— 7 
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Tabulation TI. — Arkansas City and Bed Uiver Landing sequences of discharge, mth in^ 
crements between the points — Continued. 



I 

I 

I 



I 



^1 



3 

I 



111 

ill 



I 



I 



I 



a 



I 

I 



I1 



D«e. 8 


10 

u 

12 
IB 
U 
15 
16 
17 
18 
19 

ao 

21 

22 

23 

24 

25 

26 

27 I 

28 

29 

30 

81 

1886u 

Jail. 1 

2 

o 
4 

5 

6 

7 

8 

9 

10 

U 

12 

13 

14 

15 

16 

17 

18 

19 

30 

21 

22 



26 
27 
28 
29 
90 
31 
T^h, 1 



10.0 
10.0 
9.8 
9.5 
9.2 
8.7 
8.5 
8.4 
7.9 
7.7 
8.0 
9.0 
10.3 
11.9 
13.4 
14.5 
15.2 
15.8 
16.1 
16.2 
16.3 
17.0 
18.2 
19.4 

20.4 
21.3 
23.2 
26.4 
27.7 
29.7 
31.5 
32.8 
34.1 
35.2 
35.9 
36.6 
37.2 
87.6 
88.0 
88.5 
88.0 
39.2 
39.4 
89.8 
40.1 
40.4 
40.7 
41.0 
41.2 
41.4 
41.5 
41.6 
4L7 
41.8 
41.8 
41.9 



Carve (2) 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

.-do 

..do 

..do 

..do 

..do 



Ciunre (1) 

...do 

...do 

...do 

...do 

•.d9 

Cnrvi (3) 

...do 

...do 

...do 

...do 

Curve* (4) 

...do 

.^.do 

.*.do 

...do 

...do 

...do 

...do 

...do 

Curve "(6) 

...do 

..do 

..do 

..do 

..do 



286 
286 

280 
278 
267 



801 
805 
301 
287 
273 



253 I 260 
— 247 



250 
247 
235 
230 
237 
260 



348 
866 
886 
403 
413 
416 
419 
424 
485 



468 

485 

522 

560 

605 

68i 

748 

813 

874 

895 

915 

935 

962 

982 
1,002 
1,027 
1,048 
1,062 |1, 
1, 072 11, 072 
1,094 il,090 
1, 103 11, 107 
1, 116 1, 119 
1, 118 'l, 114 
1,120 1,108 
1,120 11,103 
1,120 1,090 
1,115 1,082 
1,120 1,087 
1,125 ;1,087 
1, 130 1, 087 
1,130 ll,091 
1, 135 ,1, 095 



227 
220 
218 
242 
276 
312 
335 
358 
885 
408 
412 
413 
412 
402 
385 



341 
850 
366 
432 
526 
610 
090 
777 
843 
870 
899 
930 
954 
978 
985 
1.001 
1,017 



—15 
19 
21 
14 
6 

— 7 
■f3 

13 

8 

10 

19 

18 

17 

18 

13 

8 

1 



1 

8 

7 

22 

50 

+91 

+127 

135 

156 

128 

79 

74 

• 58 

36 

81 

25 

16 

5 

8 

9 

17 

26 

31 

23 

tl 

4 

— 4 

+ 4 
12 
17 
30 
33 
33 
38 
43 
39 

+40 



1885. 
Feb. 2 
8 

4 
5 



Mar. 



41.9 

41.9 

41.0 

42.0 

41.9 

41.8 

41.7 

41.4 

41.1 

40.8 

40.5 

40.1 

39.7 

39.2 

38.8 

38.4 

38.0 

37.7 

37.5 

37.3 

37.1 , 

86.9 1 

36.8 ' 

36.8 • 

36.4 

35.9 

35.8 

34.6 

33.9 

33.2 

32.2 

31.3 

30.5 

29.8 

20.3 

28.9 

28.6 

2a5 

28.6 
28.7 
29.1 
29.0 
30.2 
30.8 
31.4 
32.0 
32.4 
33.0 
83.6 
84.1 
343 
34.6 
85.0 
85.1 
85.2 
35.8 
85.8 



Curve (5) 

..do 

..do 

..do 

..do 

..do 



■Curve (6) 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Curve (7) 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Curve"(8) 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Curve (9) 

...do 

...do 

...do 

...do 

Curve (10) 

...do 

...do 



1, 135 II 
1,135 |l 

1.135 i; 

1,141 1, 
1, 135 1, 
1,130 1, 
1, 115 
1,000 
1,062 
1,036 
1,020 
1,000 

081 

957 

037 

918 

899 

885 

875 

806 

867 

867 

863 

863 
. 846 

824 

798 

768 

738 

708 

669 

652 

641 

632 

625 

621 

610 

606 

610 

614 I 

629 

649 

671 I 

681 

685 

700 

725 

750 

775 

785 

795 : 

801 ; 

805 
804 I 
808 < 
811 
811 I 



,005 
,095 
,095 
,082 
,055 
,022 
981 
910 
894 
849 
804 
770 
749 
732 
738 
745 
743 
738 
730 
730 
734 
730 
724 
706 
683 
657 
622 
577 
540 
494 
474 
463 
463 
460 
460 
466 
480 
493 
512 
535 
5.54 
590 
616 
634 



709 
729 
753 
770 
789 
700 
792 
795 
803 
800 



40 

40 

46 

53 

75 

93 

109 

122 

142 

171 

196 

211 

208 

205 

180 

154 

142 

137 

136 

137 

133 

133 

139 

140 

141 

141 

146 

161 

168 

175 

178 

178' 

160 

165 

161 

144 

126 

117 

102 

94 

95 

81 

65 

51 

43 

35 

41 

46 

32 

25 

12 

15 

12 

13 

8 

+ 11 
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Tabulation VII. — Red Biver Landing-Carroll t^m equivalent gauge heights. 



1884. 

Oct. 15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

. 31 

Not. 1 

2 

3 

4 

5 



9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Deo. 1 

2 

3 

4 

6 

6 

7 

8 



10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 



3.55 
3. GO 
3.25 
3.05 
2.90 
3.10 
3.10 
3.15 
3.30 
3.55 
3.30 
3.60 
3.80 
3.50 
3.50 
3.10 
2.85 
2.60 
2.40 
2.45 
2.4U 
2. 55 
2.45 
2.55 
2.45 
2.40 
2.20 
2.20 
2.20 
2.05 
1.95 
1.75 
1.30 
1.40 
1.45 
1.25 
1.15 
1.05 
1.50 
1.50 
1.45 
1.20 
1.35 
1.40 
1.40 
0.80 
0.55 
0.40 
0.35 
0.55 
0.50 
1.15 
1.85 
1.50 
1.35 
1.30 
1.50 
1.40 
1.45 
1.10 
1.10 
1.05 
0.70 
0.65 
0.70 
0.55 
0.50 
1,10 



•3 

1 



.2 ^ 



Feb. 



1884. 
Dec. 22 
23 
24 I 
25 
26 

27 ! 

28 I 
29 
30 
31 

1885. 

Jao. 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 I 

- 21 
22 

23 ! 

24 ; 

25 I 

26 , 
27 
28 
29 
30 
31 1 

1 , 

2 I 

l\ 

l\ 

7 

8 I 

10 I 

11 ' 

12 I 

13 ' 
14 

15 ! 

16 I 
17 

18 ' 

19 ; 
20 

21 I 
22 
23 
24 
25 
26 



2.20 
2.45 
2.70 
2.90 
2.90 
3.20 
3.40 
3. SO 
3.85 
4.10 



a 

I 



326 65 Curve (1) . 
343 56 '...do... 
357 57 ...do ... 
387 58 !...do... 

...L.do... 

...I. ..do... 
437 5»|...do-.. 



T 



(175 t 
736 



827 



901 
915 t 
929 



972 
975 



1043 
1042 
1043 
1045 t 



1047 



1040 



40 

40 

45 ! 

35 

45 

45 

25 

0<> 

15 

95 

00 i 

40 I 

55 I 930 

30 

30 



Curve (3) 

...do 

..do... 
66 ...do 



70 



81 



Curve (4) 

..do 

-.do 

..do 

..do 

..do..'... 

..do 

..do 



989 
980 
956 



83 



Curve (5) 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 



87 

88 ...do 
.......do 

89 !...do 
....L.do 

.... ...do 

....'...do 

92 ...«h» 
....L.do 



Curve (6) 
do 



Curve (7) . 

...do 

I.. .do 



g^ 



39.8 
39.7 
39.2 



38.6 
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Tabulation VII.— ^ed Bwer Landing-CarrollUm equivalent gauge heighta — Continued. 



'l 


1 


1 


1 


1 


1. 

P 


^ 


^ 


1 


1 


ft 


I 


1 


1 


1 




1 


1 


1 


1 




1 




1 


1 


1 


i 


1 


1 


1 


1 


i 


1 


1 


1885. 
F^b. 27 


11.75 
11.40 
1L85 
11.15 
10.85 
10.70 
10.30 
9.90 
9.55 
9.10 
8.85 
8.70 
8.70 
8.70 






Curve (7) . 

...do 

...do 


"85.8 


1885. 
Mar. 18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 


a70 

8.80 

9.10 

9.45 

9.55 

9.75 

9.90 

10.15 

10.60 

10.70 

10.70 

10.90 

11.00 

11.20 


615 
616 


108 
109 


Curve (8) . 

...do 

...do 


28.7 


28 
Mat. 1 


810 


98 


28.7 




•743 
717 
682 
665 


90 
100 
101 
102 


...do 

...do 

...do 

...do 


34.0 
33.4 
32.6 
32.1 


649 
665 


110 
lU 


...do 

...do 


29.6 
30.0 




684 

706t 

710 


113 
114 
115 


Curve (9) . 

...do 

...do 

...do 


31.6 
31.9 












32.0 
























726 
740 


116 
117 


...do 

...do 


32.4 


10 
11 


621 
612 t 


106 
107 


Cur\-e (8) . 

...do 

...do 


28.9 
28.7 


32.8 


12 





























Tabulation VIII. — Red Siver LandiTig normal curvee, viih the corresponding Carrollton 
equivalent gauge heights on the line of the equivalent gauge relation, giving the various 
Carrollton normal curves. 



Bed River land- 
ing gauge. 


Carrollton 

equivalent 

gange. 


Values of diaoharge scaled on the various Red River Landing noraial 
curves. 


1 


8 


4 


5 


6 


8 


9 


4 


—1.47 

—0.65 

-f0.18 

^.00 

1.82 

2.65 

3.47 

4.29 

5.12 

5.94 

6.76 

7.59 

&41 

9.23 

10.06 

10.88 

11.71 

12.53 

13.35 

14.16 

15.00 

15.82 


123 

161 

203 

"247 

298 

351 

410 

473 

540 

611 

690 

773 

800 

953 

1,061 

1,155 

1,266 

1,384 

1,605 














6 












• 


8 















10 














12 














14 














16 














18 














20 














22 














24 


478 
548 
619 
697 
780 
868 
962 
1,062 






375 
434 
500 
571 
645 
723 
807 
899 
996 
1,097 
1,201 






26 


508 

577 

651 

732 

816 

906 

1,002 

1,104 

1,211 


463 

530 

601 

678 

760 

847 

940 

1,039 

1,142 

1,249 


520 
589 
063 
746 




28 


.^57 


30 


6:u 


32 


708 


34 


79.1 


36 




883 


38 






40 






42 








44 










46 
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Tabulation IX. — Arkansca City'Vickslmrg equivalent gauge kHgkU. 




230 
239 
264 
301 
341 

*To BMentber 13, the ArkwBas City (^'b 



Curve (5) .'42.40 

...do '41.45 

...do ;40.90 

...do ;39.9r» 

...do {39.2 

...do '38.50 

...do 37.60 

...do ;37.20 

...do '36.70 ' 



Curve (4) .34.60 

...do 34,40 

801. ..do 34.25 

806' .do 34.40 

810. ..do 34.50 

808.. .do ,34.45 

808. ..do 34.45 

7851... do !33,80 



ae TloktboTg approzimato <f%. 
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TabdIiATION IX. — Ar]can8€i8 Ciiy-Vicksburg equivalent gauge heights — Coutiuued. 



1 











.5 

'9 




1 

•3 


; ^ 




.2 


(S 


'.s 




1 


a 

1 


i 
& 

bo 


a 


o 

1 

c 
o 


es 

.a 


h 
'J 


i 

"ft 
6 




1 


1 


.2 


1 




6 

St 

5 


1. 


g 

I 


u 

•s 

> 


> 


1 




O 
> 


1 


1 

i 

< 


1 


X 


« 


1 


> 

O 





S 

-2 


^ 

"Z 

< 


1R85. 










1885. 










Feb. 27 


32.20 


«24 


91 


71 


753 


Curve (4) . 


32.90iMar.l6 


26.20 


67i;.... 


80 


632 


Curve (6) . 


27.80 


28 


31.30 


798 92 


+85 


713 


...do 


31. 7(] 


i 17 


27.45 


681!.... 


20 


652 




.... 


M«r. 1 


30.20 


708 ... . 


+ 96 


672 


...ao 


30. 45 


18 


28.55 


685. 102 


16 


«iP 


Curve (7) . 


30.00 


2 


2H.80 


rJ8 93 


99 


6:J9 


...do 


29. 40 


19 


29.45 


709 103 


+7 


702 


...d«...... 


31.00 


3 


27.50 


708 94 


100 60H 


...do 


28. 4.3 1 20 


30.20 


725 104 


— 3| 728 


...do 


31.75 


4 


26.00 


669.... 


99i 570 


...do 


27.15 


21 


30. 85 


750 105 


111 761 


...do 


32. 70 


5 


24.70 
23.00 
23.00 


652 95 
m\ 96 
6321 97 


99 
98 
97 


553 
543 
535 


. ........ 




1 22 

' 23 

24 


31.50 
32.20 
32. 05 


775.... 
785; 100 
795, 107 


14. 789 
18, 803 
20 815 


...do 

...do 


33 50 


6 






34 00 


7 


Curve (6) . 


24.50 




8 


22.60 


625 ... . 


95 


530 


...do 


24.30 


25 


33.45 


80ll.... 


22; 823 









22.45 


821 98 


02 


5-29 


...do 


24. 30 


26 


33.90 


805.... 


24: 829 






10 


2a. 45 


610 ... . 


90 


520 


...do 


24.00 


27 


.34. 25 


804!.... 


25; 829 






11 


22.70 


SSI..- 

614 100 


83| 52:< 


...do 


24. 10 


28 


34.50 


808.... 


251 833 


Cnr\o(H) . 


rs. 80 


12 


2:i00 
23.50 


76 r^:i4 
6P 545 


...do 

...do 


24.50 
24.90 


^ 


34.60 
34.60 


81l!.... 
811 i 108 


24 ft35 
—23 834 


do 


:r> 85 


13 


...do 


:j5. 85 


14 


24.25 
25.05 


620 101 


60 569 


...do 

...do 


25.70 
26. 65 




34.45 










15 


640 




51 


598 




i 







Tabulation X. — Arkansas City normal curves, with the corresponding Vickshurg equiva- 
lent gauge heights on the various lines of the equiralent gauge relation, giving the various 
Vlekshurg normal ounces. 



Arkansas City 


Virksburg equiva- 
lent panjce ou \\nvn. 


Values of discharge scaled on the various Arkansas City 
normal curves. 




1 


2 


1 


2 


3 


4 


5 


6 


4 


0.66 
2.79 
4.91 
7.04 
9.17 
11.30 
13.43 
15.56 


1.36 
3.49 
5.61 
7.74 
9.87 
12.00 
14. 13 
16. 26 


128 
160 
193 
229 
260 
310 
356 
404 
454 
509 


158 
191 

227 
266 
307 
3.''.2 
400 
4.'>1 
505 










6 








8 






.... 1 . . 


10 








12 










14 








16 






1 


18 










20 


17.69. 18.39 
10.81 ! 20.51 
21.94 "•> t'^ 








22 




429 

481 

TuiCi 

595 

.6:37 

724 

792 

865 

942 

1023 

1107 

1196 

1288 


402 
45M 
507 
563 
624 
689 
756 
827 
902 
981 
1063 
1140 

12;{8 

• 




24 


566 
626 
691 




527 

.583 

645 

710 

779 

850 

•926 

1005 

1090 

1178 

1270 

. 1365 


5'M 


26 


24. 07 
26. 20 
28. 33 
:jo. 46 
32. 59 


24.77 
26. 90 
29. 03 
31. 16 
•A'A •;« 


.. . 


578 


28 




639 


.30 


759 
820 
903 

98:$ 

10643 




703 


32 




772 
843 
910 


34 




36 


34.71 ! 35.41 
36. W 1 37.54 
38. 97 39. 67 
41. 10 41. 80 
43.23 . .^{.93 
45.36 16.06 




38 




O^fi 


40 


1150 






42 


1241 

i3:m 

1435 






44 






46 
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Appendix B. 

PAPER BY LIXUTEKAXT-COLONEL CHAS. R. SUTBR, CORPS OV BKGUfSERS, OS EFFECTS 
OF CREVASSES UPON GAUGE READINGS BELOW RED RITER DURING HIGH WATER 
OF 1890. 

St. Louis, Mo., Mardi 16, 1891, 
General: As great interest was felt last year in the behavior of the Misfiissippi 
below the junction of the Red, and many conjectures were made as to the heights 
that would have been reached had no crevasses occurred, I have had the matter in- 
vestigated as far as the data at my command would allow, and the conclusions 
reached are herewith submitted to the Commission. 

In this investigation I have used the method of gauge relations, fully explained in 
previous papers, which is specially applicable in this case, owing to the short dis- 
tance between the gaupfos and to the fjcneral regularity of the gauge records in this 
part of the river. As Red River Landing is below the last tributary of the Missis- 
sippi it was decided to take its gauge record as the standard with which the others 
should be compared. The plates herewith, numbered III and IV, give the gauge 
relations between Red River Landing and Bayou Sara, Baton Rouge and CarroUton. 
These diagrams show that the effect of the crevasse at Nita while apparent at Baton 
Rouge is barely perceptible at Bayou Sara, hence Red River must have been beyond 
its influence, and can safely be takt^n as the standard up to the period of the Mor- 
ganza and other later breaks. These crevasst's had a very marked effect at Red 
Kiver, and are easily traced on the Natchez and St. Joseph hydrographs. Vicksbure 
was also apparently ail'ected, but to such a small extent that it has been deemed 
possible to deduce the probable Rod River Landing gauge heights, after the Mor- 
ganza breaks, from the Vicksbnrg-Red River Landing gaup:e relation in the manner 
explained further on (Plate VI 11). Other gauge r^ations are also given, viz, 
Bayou Sara-Baton Rouge, Plate V: Baton Rouffe-Pla<iuemine, College Point, Plate 
VI; and Baton Rouge-CairoUton, Plato VII. Tliis latter plate also shows the rela- 
tions Plaquemine-Collego Point, and College Point-CarroUton. These various gauges 
are below Red River Landing and at the following distances therefrom: Bayou Sara, 
34.2 miles; Baton Rouge, 68 miles ; Plucineiiiine, 88.2 miles ; College Point, 137.7 miles; 
CarroUton, 191.7 miles. The time intervals used in platting these gauge relations 
are indicated on the diagrams. Tht^ Nita ( 'rcvasse was about 4 miles above the'Col- 
lego Point gauge, Morganza was 10 mileH above Bayou Sara, the others,^ mostly small 
breaks, were near Baton Rou^e. The stra ight lines drawn on these various diagrams 
give what seem the most probable relation between the different gauges for the 
])criod preceding the formation of the crevasses, and the assumption made is that if 
no crevasses had oeeurred this relation would have held to the top of the flood. The 
heights which would have been reached at the various gauges in order to correspond 
to the actual Red River Landing gauge readings can be scaled at once from the va- 
rious diagrams given, and these deduced readings are shown by dotted lines on Plate 
I for each gauge, the actual hydrograph being indicated by a full line. After the 
Morganza breaks the Red River Landing proliable readings have been deduced from 
Vicksburg, and also the correspond i ng elevations for points below. ITiese elevations 
are shown by a series of dotted and daslied lines above the first, and extend some 
<listance beyond the crest of the flood. To show the measure of accuracy to be ex- 
pected by this method, the deduced readings are given from the beginning of the 
flood In January, 1890, for each gauge. On the diagram are also marked the dates 
of all crevasseswith their measured diseliarge. It should be noted that this dia- 
gram is platted to Red River dates, time intervals, as already mentioned, being used 
for points below Red River Landing. 

Plate VIII shows the Vioksburg-Red River Landing gauge relation ; the line marked 
standard is the line giving lliis relation for equal discharges as determined by the 
1884-'85 observations. The deviations from tliis line are no greater than might be 
retisonably anticipated from the tributary effect of Red River till March 15, when 
the Raleigh break produced a rapid fall at Vickshurg, Red River remaining about 
stationary. The return flow of the Yazoo seenis to have begim about April 1, and 
the Vicksburg gauge rises again. About the same time the return flow from the 
Tensas at Red Kiver Landing begins, and both gauges rise on a line considerably 
oblioue to the standard. April 22 the Morganza breaks occurred and Red River fell 
rapioly, while Vicksburg continued to rise till the 25th, when it came to a stand, 
and so remained till the 27th, when it also began to fall. I infer that if the Mor- 
ganza breaks had not occurred the two gauges would have risen on the line men- 
tioned until the Vicksburg maximum had been reached, and would then have fallen 
on a line parallel to the one actually noted. Dotted lines show these probable rola« 
tions, and from them the Red River Ivanding gauge heights are deduced and used in 
deterniinin<^ the elevations below. There Avere a few breaks between Vicksburg and 
Rod River Landing, mainly near Natchez, which occurred about the same time as 
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the Morganza, but it is probable that their effect at Red River Landing was small, 
•A» the water must have returned to the river almost immediately, and in any event 
the Morganza breaks, by drawing down the water surface at Red 'River Landing, 
must have considerably increased the return flow from the Tensas. 

The gau^e relation Red River Landing-Carrollton is about 0.6' higher than the one 
which has neretofore held while the river has been confined between levees. No rea* 
80U is known for this change nor whether it is permafnent. It is, however, sugges- 
tive that a similar change occurred in 1880 after the low-flood year of 1879, while the 
tiood of 1890 wa« preceded by the very low flood of 1889. 

The following table gives the equivalent reading at the various gauges from which 
the lines of gauge relation here used can be reproduced. 



^Ll^s^y^'^s^™- 


Baton 
Boage. 


Plaque- 
mine. 


^"Jsr 


CarroUton. 


Feet. 
10.0 
46.0 


Feet, 

4.5 

. 39.1 


Feet. 
6.1 
36.0 


Feet. 
3.3 
31.8 


Feet. 

1.8 

24.4 


Feet. 
0.9 
16.6 



Plate II gives, In the shape of profiles, the same information as Plate I, the points 
where these profiles are taken bemg indicated by corresponding numbers on Plate I. 

From this study I infer the following as the maximum heights which might have 
been reached had no crevasses oocurred below Red River; they are given in tabular 
form, with the actual maxima reached in each case. 



Actnal 


Computetl 


maximam. 


maximum. 


Feet. 


Feet. 


48.67 


49.0 


41.2 


42.0 


36.6 


38.5 


31.9 


34.2 


23.9 


26.3 


16.1 


17.85 



Differeuce. 



Ked River Landing 

Buyon Sera 

Baton Rouge 

Plaqiieniine 

College Point 

Carroll ton 



Feet. 

-fO.33 

+0.8 

+1.9 

+2.3 

+2.4 

+1.75 



The effect of the enormous crevasse at Xita is also a matter of much interest. It 
can readily be deduced from the diagram on Plate I up to the dates of the Morganza 
and other breaks; sifter this time the combined efl^ect of all the crevasses is shown. 
The maximum efl:ect of the Nita while acting alone, and at a time when its discharge 
is estimated to have been between 300,000 and 400,000 cubic feet per second, is shown 
by the following table, the last column being the depression at each gauge due to 
the crevasse : 



Distance 

from 
crevaaae. 


Computed 
height 
without 

crevasae. 


Actual 
height. 


Difference. 


Milee. 


Feet. 


Feet. 


Feet. 


M33.7 


48.4 


48.4 


0.0 


*99.5 


41.4 


41.2 


(f)-0.2 


-65.7 


38.0 


36.6 


-1.4 


*45. 5 


23.8 


31.9 


—1.9 


t4.0 


25. 9 


22.4 


—3. 5 


158.0 


17.55 


15.4 


—2. 15 



Ked River Laniling 

Bayou i^ara 

Baton Rouge 

Plaquemine 

College Point 

Carriiilton 



•Upsli-eaiu. t Dowiiatroam. 

Very respectfully, your obedient servant. 



Gen. C. B. Comstock, 

Fresident Mi89i8sippi River Commission, 



Chas. R. Sutbr, 
Lieut. CoL of Engineers^ 
Member MissisHpyi Eiver Commission, 
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Appendix C. 

BBPORT OF THE SECRETARY, MISSISSIPPI RIVER COMMISSION. 

Thif) office was nnder charge of Capt. Charles F. Powell^ Corps of Engineers^ nntil 
October 15, 1890, when I relieved him in accordance with Special Omers No. 223, 
Headqnarte»i Army, dated Washington, D. C, September 23, 1890. 

The offices of secretary of the MisHissippi River Commission and of assistant t<i 
construction committee date from the earlier operations of the Commission. The 
charge of surveys of Mississippi River under act of Congress approved Augast 11. 
1888, was given to the secretary. The two offices remained separate in place and in 
organization, though for a time under charge of the same officer, till February, 1890. 
when, with saving of office expense, they were joined in plac^ remaining mainly 
distinct in organization. Dnrmg the fiscal year a complete consolidation nas been 
effected with further saving in clerical expense. 

The works are now carri^ on under the following allotments firom the appropria< 
tions approved September 19, 1890, and March 3, 1891, made by the Commission and 
approved by the honorable the Secretary of War: Mississippi River Commission; 
surveys, gauges, and observations j general service. 

The idlotment for Mississippi River Commission is applicable to salaries of three 
Commissioners, and to expenses of offices and of inspections. All property formerly 
held under appropriations for the Commission which is suitable for the works iindtr 
the latter two allotments has been transferred to them. 

. The small balances from earlier appropriations which appear in the financial state- 
ment are set off by outstanding liabilities for telegrams which can not under exiatiiig 
orders be adjusted. 

MISSISSIPPI RIVER COMMISSION. 

At the beginning of the fiscal year, the salaries of the three Commissioners not 
otherwise in the service of the Unite*! States were in arrears since A]>ril 19, 1890. 

An appropriation approved September 30, 1890, provided for tho del1ri«*ney up tc 
the beginning of this fiscal year, and another approved March 3, 1891, for that up x*> 
the date of the current regular appropriation j these have been applied to that jmr- 
pose. 

The Commission has held three sessions during the fiscal year: At New York <;itv, 
October 1-4, 1890; from St. Louis to New Orleans, November 18-30, 1890; from :?r. 
Louis to New Orleans, March 17-24, 1891. 

The following papers presented to the Commission are, in accordance with th*-!: 
resolution, appended hereto: 

1. A measurement of the depression of the flood line 1890, at gauge stations below 
Red River Landing, from contiguous crevasses. By Capt. Charles F. Powell, Corps 
of Engineers (marked 1). 

2. Statement of investigation and disensNiou of efleets of outlets on the bed of 
the river below them, by Capt. Charles F* Powell, Corps of Engineers (marked 2). 

SURVEYS, GAUGES, AND OBSERVATIONS. 

Field work. — At the beginning of the fiscal year the work completed under the 
Mississippi River Commission was as follows: 

Triangulation, from Donaldson ville, La., to Keokuk, Iowa. 

Toi)Ography, from Donaldson ville. La., to Alton, 111. 

Precise levels, from Biloxi, Miss., to Savanna, 111., and thence to Chicago, 111., 
connecting with Lake Michigan. 

No work of general survey had been carried on since season of 1889. 

On March 15 Assistant Engineer F. B. Maltby was sent out on preliminary reoon- 
noissance for triangulation, which was carried to Kapids City, a distance of alK»u[ 
144 miles, closing on April 23. 

On April 25 a triangulation party under Assistant Engineer Charles W. Stewart 
assisted by Assistant Engineers F. B. Maltby, A. T. Morrow, and George H. Freiieh. 
was sent out, beginning operations on April 28, at tho base line establishe<l near 
Keokuk, Iowa, in May, 1881. This party was also charged with the establishment 
of lines of permanent bench-marks across the valley at intervals of about 3 miles, 
as hitherto placed in surveys under the Commission. 

The triangulation has been carried as far as 4 miles above Burlington, Iowa, a dis- 
tance of about 50 miles. 

Number of stations occupied, 31. 

Number of triangulation points marked, 34. 

Number of bench-marks located, 61, marking 19 stone lines. 
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On April 25 a doable precise level party under Assistant Engineer O. W. Fergn- 
Bon, assisted by Assistant Engineer L. M. Mann, was sent out. j£[, Mann was obliged 
to leave the party on account of sickness, and has been rexjlaced by Assistant En- 
gineer A. L. Johnson. They began operations at St. Paul, Minn., on May 2, working 
soothward alonff the river. The line nas been carried as far as Alma^ -Wis. 

Number of miles run, 95 (by river). 

Number of permanent bench-marks established, 48. 

Connection has been made with gauges at St. Paul., Minn. , Hastings and Redwing, 
Minn., and with eleven bench-marks of earlier U. S. Engineer surveys. 

On April 26 a single precise level party under Assistant Engineer James A. Paige 
was sent ont. It began operations at Duluth, Minn., working towards St. Pan], 
Minn. 

Number of miles run, 54. 

Number of permanent bench-marks established, 12. 

Connection was made with U. S. Engineer gauge at Duluth. 

Copy of the instructions to these parties, and to the topographical parties which 
win take the field about August 1, is appended (marked 3). 

Drawings and specifications of the permanent marks are also appended (Plate 6). 

The above parties were inspected in the field by Assistant Engineer J. A. Ocker- 
son, June 6-32, 

Manu8oript chartSf etc., detail charts, scale 1: lOyOOO, — ^At the beginning of the fiscal 
year, these charts were completed (except titles and notes) from Donalfionville, La., 
to Chester, HI. : six sheets extending to St. Genevieve were in progress. This work is 
now oompletea (except titles and notes) as far as St. Louis ; two sheets, extending 
to Alton, m., and covering the field hitherto topographically surveyed, are projected 
and outlined. 

Topographical maps (scale 1 inch: 1 mile), — ^At the beginning of the fiscal year these 
maps were completed as far as Cairo, IlL ; one sheet extending 47^ miles by river 
was in progress. This work is now completed to 6 miles above Chester, 111. (126 
miles by river above Cairo) ; one sheet extending to 148 miles by river above Cairo 
ia in progress. 

The profile of Mississippi Biver, Cairo-Donaldsonvillef has been completed showing " 
right bank and levees from Cairo to Donaldsonville, left bank and levees from 
Memphis to Vicksburg, mean high and low water lines 1872-1889, and by points, the 
mean Msh and low waters 1881-1885, the high waters of 1882 and of 1890, the low 
water 0x1883, and the lowest water of the period 1872-1890. A copy, in five sheets, 
with report of Assistant Engineer Ockerson, is herewith presented (marked 4, and 
plates ^3, 4, 5, 6). 

Published charts and maps. — ^The charts and maps published by the Commission are 
the following; except official issues under resolution of the Commission, they are, in 
accordance with law, sold at the prices annexed. The publication of the first is 
completed ; that of the others is in progress. 

Cents. 

Alluvial valley (scale, 1 inch: 5 miles) per sheet 10 

Alluvial valley (scale, 1 inch : 5 miles) per sot (8 sheets) 40 

Mississippi River (scale 1 : 20,000) per sheet 20 

Mississippi River (scale, 1 inch : 1 mile) per sheet 5 

At the beginning of the fiscal year, of the charts on scale 1 : 20,000, 56 sheets were 
published and 15 were in hands of the printer. These extended from Donaldsonville, 
La., to Cape Girardeau, Mo. ; the published sheets were not consecutive. 

This series is now published consecutively as far as Cape Girardeau, 71 sheets, and 
original material returned by printer. The material for 6 sheets, extending to Ches- 
ter, ni., is in hands of the printer. 

At the beginning of the fiscal year the maps on scale of 1 inch : 1 mile were pub- 
lished as £eur as Cairo in 32 sheets with index chart, 3 sheets, and table of distances, 
1 sheet. Drawings for revised edition of 10 sheets were in hands of printer. 

The edition of these sheets is en route from Boston (shipped on June 19). 

All of the above maps have required three or four proof-readings. 

There have been issued during the fiscal ^ear : 

SheetM« 

Alluvial valley 462 

Scale 1:20,000 3,613 

Scale, 1 inch: 1 mile 1,794 

Physical data. — ^In accordance with resolution of the Commission, November 27, the 
gMige at Grays Point has been reestablished. 

The section of the old gauge from the 19-foot stage to the 35.7-foot stage was 
found intact* and is retain^. 

The eeotion below the 19-foot stage, which was not in line with that above, had 
been destroyed, except one piece, 10-foot to 13-foot stage. This section had been 
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l)olted to a rough rock, upon which it had bearing only at intervals, the bays being 
tilled in with cement. For the new section replacing this a channel has been cat in 
the lodge. It has nearly continuous bearing, and is further protectt»d by the shoul- 
ders of the channel. No filling in the small bays is believed to be necessary. 

This section extends from the 3-foot stage to the 23-foot. It is graduated from 
the 5.5-foot stage, which was that of the w^ater when the graduation was made. 

The bulletin board has been repaired. 

Kecomputation of discharge measurements during 1887-1889 and 1890 has been com- 
)>leted. The results are appended (marked 5 and 6). A portion of each was pub- 
lished in the last Annual Report. 

Field notes of discharge measurements in 1891 have been received from fiist, sec- 
ond, and third districts. Recomputation is in progress. 

The records of gauges under the Commission, as also of certain others under the 
Chief Signal Officer, and Major Mackenzie and Captains Willard and Taber, Corps 
of Engineers, have been received, tabulated, and printed in pamphlet form, together 
with descriptions of gauges and bench-marks revised to date. For the description 
of bench-marks, hnportant information hiis been received from Capt. J. H. Willard^ 
Corps of Engineers. 

Tables of high- water marks for 1890 and lj891, and of highest and lowest saage 
readings revised to date, have been prepared and are hereto appended (marked 1, 8, 
and 9). 

A hydrograph, showing stages of the Mississippi River and principal tributaries 
from St. Louis to CarroUton, by 10-day means for about 20 years, has been prepared, 
chiefly by Assistant Engineer L. M. Mann. Three sheets, w^ith index map, are ap- 
pended. (Not printed.) 

An investigation of changes of depth of MissiHsippi River at Head of Passes, based 
upon published reports of Assistant Engineer Donovan, has been made by Assistant 
Engineer Ockersou. His report, with plat showing locations of sections, is appended 
(marked 10). 

Current ^auge records and office hydrographs have been kept up to date. 

Card indices to manuscnpt reports aiid uia)> files, in progress at beginning of fiscal 
' year, have been completed and kept up to date. 

Index to proceedings of Commission to include 1890 is ready for the printer. 

Twenty-eight days' labor of office employes, costing $116, has been exx»ended in 
preparing table of errata in last Annual Report as published. 

Plant. ^-The plant held under this allotment, mostly received by transfer from 
Mississippi River Commission, consists of the survey fleet (1 steamboat, 2 qnartc^r 
boats, 1 launch, and 13 rowboats), the fleld and office instruments, the printing 
plant, and office fUrnitnre. 

The fleet, which had been laid up at Alton, 111., was, on December 28, towe*l to 
Carondelet and hauled out for examination and repair. 

The Fatrol (S years old) had her upper works in good order ; the hull had In^'n 
considerably patched above the water line at variouM times up to 1889; the bottom 
and much of the framing was badly decayed and worn. She has been thoroughly 
repaired, and is probably good for 4 or 5 years of service. 

The quarter boats Jllinois and Kentmky (8 years old) are slightly fhuued ami 
cheaply built ; they had had little repair and were in about the same condition :t*^ 
the Patrol^ but ofi'ercd less good work as a basis for repair. Th^jy have been rttpairiil 
iis far as their value appeared to warrant; the Illinois is probably good for 2 yeaiV 
service, the Kentucky for one. 

The launch has been transferred to the fourth district. 

The boiler of the Patrol was tested on April 24. 

On April 25, the Patrol with quarter boats lUinoU and Kentucky in tow, and tri- 
.ingnlation and double precise level parties on board, left St. Louis for St. P^inl. 
The quarter boat Illinois with triangnlation party was left at Nashville, Iowa, on 
the evening of Apnl 27. The iTejiiMcA-^ with double precise level party was left at 
St. Paul on May 1, the Patrol then retuniing to the triangnlation party for serx-ice 
during the season. 

The field instruments have been repaired. Most of them have been in servii-e 
many years. The important re])airs consisted of returning spindles, trueiug plates, 
and; in one case, regraduation of verniers. All are now in good condition. 

QKNERAL SERVICE. 

St&ne supply. — As soon as funds were available riprap stone was called for from 
the districts. 
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'riie total purchase on this call was: 





Location. 


Kiprap 
stone. 


First (liMtrfct .. 


Osceola 

Honerttia 

A»Lbrook , 


Chtbicyard*. 
3,717 
1,132 


Secoiul (liMtrut 


Third district 


lO.l.'iti 
286 


LfJMt t'li roiif «» 








Total 


ir», 2H5 









Tlio total mileage and yarrl mileage were : 





MileH. 


Yard miles. 


First diatrict • 


6,002 
4.308 
28,453 


341.804 


Second district 


880, 18a 


Third district 


5, 183, SOA 




Total 


38,823 


6,405,857 





The t^jtal expense of delivery (not inclnding repair of plant nor interest on its 
valiuO was $12,11^.28 or 1.9 mills per yard mile. 

The stone was delivered on the barges at the qnarry for 65 cents per yard. Its 
transportation cost : 

Cents. 

At Osceola 45.1 

AtHopefield 57.4 

At AHhbrook 98.3 

The unfavorable circumstances of this to w i ng materially increased its cost. Owing 
to the stiige of the river barges were loaded to little over half their capacity, and. 
at the end of the work, had to be taken in small tows to Cairo, because the channel 
had become narrow and winding and there was danger of freezing in at the quarry. 
Owing to the urgent needs of tne works deliveries were made in smaller tows than 
are economical. • 

Because of the difficulty, expense, and risk of this late towing, the officer in charge 
of first, second, and third districts decided to use at Osceola stone left over from the 
work at Hickman. The quarter boat (which had been brought to Cairo with last 
tow) with nine barges was taken to Hickman, January 5. On January 10 a steamer 
was sent from Cairo to tow two barge loads of this stone, which was delivered at 
Osceola on January 13. The loading was completed on January 31. 

For the work of the next low- water season stone is now being supplied to the 
districts. This is purchased from the Apple Creek Quarry at 62^ cents per cu hi (; 
yard, delivered on United States barges at quarry, and from the Grafton Quarry at 
83 cents jier cubic yard, delivered on United States barges at Cairo, Dl. ; the two 
prices, con.sidering the cost of towing, are accounted to be the same. 

From the position of the quarries, the higher stages of the river are unfavorable 
for quarrying at Apple Creek, and the delivery there has been slow. The purchase 
at Grafton was made after delivery began to save time and to utilize the whole plant 
available. 

The amount delivered and en route on June 30 is 19,402 cubic yards. 

Plant. — At the beginning of the fiscal year the plant of the general service con- 
si ste<l of 3 towboats, 81 stone barges, 6 fuel barges, 1 store boat, 9 ro wheats, 1 calk- 
ing flat. 

Of the towboats, the MisHanppi (8 years old) was in good condition, having had 
comparatively little service, and having been kept up by small repairs, no general 
repair had been maile for 5 years. The Minnetonka (6 years old) had been thoroughly 
overhauled during the fiscal year 1890. The Vedette was under repair. 

The stone barges are of four classes. Thirty (2 years old or less), 120 by 30 by 7 
feet, frametl, bottom planked fore and aft, flush decks, were in good condition, need- 
ing only calking. Twenty-seven (8 years old), 120 by 30 by 6 feet, ^unwaled, bot- 
tom planked athwartships, sunk decks, were in bad condition, needing general re- 
pair or rebuilding in deck and sides ; of these, one hatl been rebuilt and one cut down 
for rebuilding in fiscal year 1890. Twenty-four (8 years old), 100 by 25 by 5 feet, 
gun waled, bottom planked athwartship, flush decks, condition as of last class ; of 
these, two carry cabins of former survey boats, and are used as quarter boats, one 
carcles two old cabins retained in the chance of their being of service. 
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The six fuel barges (3 years old), 120 by 25 by 6 feet, framed and without deck, 
were in good condition. 

The store boat, an old coal barge, boaght second-hand in 1885 and covered with a 
lightly framed storehouse, was in poor condition. 

One towboat, the Emma Eihend<fe, built for the general service in 1882 and trans- 
ferred to the third district iu 1884, has been received by transfer from that district;. 

One barge, of second class, has been lost while towing during low water. The 
method of planking used in this class makes any grounding dangerous. 

One small camel dock, capable of lifting one end of a barge only, on hand at he^ 
ginning of the fiscal year, has been enlarged and two others built. With the three 
any barge in use in the general service can be lifted for calking the bottom. 

The fleet, which had been laid up at Paducah, Ky., was, at the end of November, 
transferred to Cairo, 111., where it now lies. No water front at either place is con- 
trolled by the Commission. No rent has been paid. 

The towboats, including the Etheridge, have all received general repairs, and are 
now in good condition, except the Miasiasippi, which was iigured by a snag in April, 
1891 (though not so as to impair her running power), and is also in need of some gen- 
eral repair. 

The barges are all in good condition. Two have been rebuilt from the water line. 
Seventy, in use in the districts from 6 months to 2 years, have been received back 
and thoroughly repaired; they had suffered more from lack of cleaning and ventila- 
tion than from service. Of those of the second and third class, 8 years old. the sides 
were much decayed; 6 were repaired by graving pieces; 30 were so mucn decayed 
as to make this method very expensive, and of doubtful expediency as regards their 
strength, and these were sheathed. Three, which had been fitted for moonng barges, 
have remained in the districts ; they are reported as serviceable. 

Three model barges belonging to the third district have also been repaired ; six 
are under repair. 

The camel docks cost $1,615. They have lifted 48 barges. The docking fees alone 
for this service, even if several were docked at once, would have been $1,B80, besides 
which the cost of labor and supervision at the dockyards is materially increased. 

Little further repair, except to the Misaiseippi, is expected during the fiscal year. 

TONNAGK OF THE RIVBR. 

The traffic on the sections of the Mississippi River under charge of the Commission 
is mainly carried on by lines of steamers and barges plying from St. Louis, Cincin- 
nati, and Pittsburg to New Orleans and intermediate landings, the upstream loads 
being light. The custom-house records are of registered tonnage only. A statement 
is appended. 

The Merchants' Exchange of St. Louis keeps, by calendar years, minute record of 
shipments and record of receipts in bulk. As freights from the upper river are re- 
sliipped here, this represents the northern traffic, statements of shipments by New 
Orleans boata and by Memphis, Yicksburg, and Natchez boats, taken ftom their last 
annual statement, are appended. The last-mentioned line makes landing above the 
mouth of the Ohio^ one-fourth of their shipmeute is deducted in preparing the table 
of commercial statistics for this report. The most important shipment from St. Lonis 
is of grain iu bulk for exportation; a detailed statement of this shipment fh>m the 
Merchants' Exchange is appended. This line of traffic was closed to all heavy draft 
after December 13 on account of low water. It has not been obstructed by ice dur- 
ing the year. 

The reports of shipments from the Ohio River are incomplete. Information has been 
sought from the owners of registered steamers, from the board of trade, and the coal 
exchange of Pittsburg. Reports have been received from owners of almost half the 
registered tonnage; the estimate is made up proportionally. 

Reports uf local traffic are from reports of the district officers: 



MiHNisHipni 

Ohio 

Lo<'.al 

ToUi\ 



First and 
Seooiid dis- 
tricts. 



Tofu. 
740,709 
1,444,164 
79,829 



2,204,702 



Tliird dis- 
trict. 



Tons, 
743,346 
1,397,461 
219,497 



2,360,804 



Fourth 
diatrict. 



Toru. 

6ri»,292 
1,337,321 



Respectfully submitted. 



To the pRKSLDEXT Mississippi Rivkr Commission. 



Carl F. Palfrky, 
Capt. of Engineers, 
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ZUi of dviUan engineers employed on work of rirei' and harbor improvements in charge qf 
CapL Carl F. Palfrey, Corps of Engineers, to June SO, 1891 j inclusive. 



Kaiue and n^tiiileuce. 



; Tini(» em 
i ployed. 



in . d. 

H. W. Baktr, Taconia, W«b1i 26 

<;. M. Wiiuholl, Wiwhiiigton, lud .... iiO 

Xi vaH Tully, St. Loiiim, Mo 12 

C. W. Clark, St. Louis, Mo 12 

J. A . Oclcoraou, Si. Loiim, Mo 2 

Do 1 9 

O. W. Ferguson, CliUngo, 111 1 2 11 

Charles W. Stoirart, Chicago, III 2 4 

Jai»e8A.Paig<>,Sedalia,Mu 2 6 

F. B. Maltby, Chicago. Ill '.I 

L. M. Mann, Milwaukw, Wis i 1 3 

A. T. Morrow, Marion, Ind I 2 

A . L. Johusoii, St. Ix)ui8, Mo I 1 2 

(irorge Ik French, M iltou, 111 ! 2 



Coiii- 
peiiea- 
tion. 



$175 
175 
175 

175 
225 
250 
175 
150 
a50 
140 
125 
125 
125 
120 



Where em- 
ploy e<l. 



St. LoiiiH, Mo 

...do 

....do 



....do 

....do 

....do 

In the tleld . 

....do 

-...do 

...do 

...do 

...do 

....do 

...do 



Work on which employed. 



Coijstnictiim of jdant ((J. S.). 

Surveys (S. (i. O.). 

lu cluirge computatlona (S. 

Platting maps (S.G.O.). 
In charge surveys (S. Q. O.). 

Do. 
Surveys. 

Do! 

Do. 

Do. 

Do. 

Do. 

l)o. 

Do. 



Approximate value of plant belonging to the United States and used in improving Missis- 
sippi River from the head of the Passes to the mouth of the Ohio River, 



Allotment. 



Class of property. 



Xo. 



Mississippi River (Jommission 

Survt!3 s, gauges, and observutious. 



General service - 



Furniture 

Steamboat Patrol witli (Mitfit 

guarter boats with out tit . . . 
owboat" 

Surveying instnuueuts I . . - 

Current meters ■ . . . 

Drawing iustnnuentH \. .. 

General tools 

Prijitlng plant 

Office furniture — 

Steamboat Migttiwipj.i with out tit 1 

Steamboat Minnetutila witli out tit ! 1 

Steamboat Emma Kthn-idqe with out- I 1 
fit. 



Steamboat Vedette with outfit . 
Stone baru:c-s : 

First claHs 

Second class 

Third class 

Fuel barges 

Store boat 

Camel dot^k 

Rowboats 

Calking flat 

General t^nds 

Oflice f oruiture 



Approxi- 
mate value 
May 31, 
1891. 



$100 

12,000 

2,500 

175 

12,500 

3,250 

750 

500 

750 

600 

45,000 

30,000 

13,500 

4,750 

66,300 
41,200 
22,800 
10,000 

450 
1,615 

2(H) 
4u 

100 

473 
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Money Htatvment—^hihj 7, 1890^ to June 30, 1891. 

Geuerai service : 

Available July 1, 1890 $42,421.45 

Allotment, act September 19, 1890 184, 000. 00 

Allotment, act March 3, 1891 : 70,000.00 

$296,421.45 

Expenses ofiice Chief of Engineers 340. 00 

Trausferreil to reduction of observatioiiB 2, 500. 00 

^ 2,840.00 

293,581.45 

Expenditures apportioned, first distri ct 32, 047. 87 

Expenditures apportioned, preservation of works, 

first and second districts 3, 187. 47 

Expenditures apportioned, second district 1, 874. 81 

Expenditures apportioned, third district 1, 874. 81 

Expenditures apportioned, Greenville 21, 951. 61 

Expenditures apportioned, Ashbrook Bend 45, 649. 80 

106,586.37 

In Treasury 183,638.82 

In hand 3,356.26* 

186,995.08 

Reduction of observations : 

Transferred from geuerai service 2, 500. 00 

Expended 2,500.00 

Mississippi River Commission : 

Allotment, act September 19, 1890 75,000.00 

Expended 18,270.23 

In Treasury 52,500.00 

In hand 4,229.77 

56,729.77 

Surveys, gauges, and observations : 

Allotment, act September 19, 1890 150,000,00 

Expended 31,818.13 

In Treasury 110,000.00 

In hand ..' 8, 181.«7 

118,181.87 

Illinois River to Ohio l{iv(»r, protection of the caHterly bank of the Mis- 
Bishippi, near Cairo i'^^^ 
Available J uly 1, 18JI0 8, 600. 00 

First district. Plum Point Reach : 

Available .July 1 , 1890 12, ia->. 22 

Allotment, act Sciiteniber 19, 18H0 297, 500. 00 

Allotment, act March 3, 1891 450, (WO. (X) 

Applied by general service 32, 047. 87 

'- 791J13.09 

Withdrawn for rcallot incut 125, 000. 00 

Transferred to Memphis Harbor 105, 000. 00 

230, 000, 00 

561,713.09 
Expended 135,687.31 

In Treas u r v 4 17, 500. (X) 

In hand ..\ 8,525.78 

426,025.78 

* Includes only funds under act of July 5, 1884. 
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Hickman, Ky. : 

Available July 1. 1890 $48,647.76 

£xT>eii8eg office Chief of Engineers 118. 00 

$48,529.76 

Allotment, act September 19, 1890 500.00 

49, 029. 76 
Expended * 1,659.34 

In Treasury.... 42,K43.17 - 

In hand 4,527.25 

47,370.42 

Columbus, Ky. : 

AvaUable July 1, 1890 13,016.16 

Expended , 13,016.16 

New Madrid (survey) : 

Allotment, act September 19, 1890 1,000.00 

Ganges: 

Available July 1, 1890 J 931.50 

Expended 368.00 

Transferred to surveys, gauges, and observations, lirst 
and second districts 563. 50 

931.50 

Surveys, examinations, and inspections : 

Available July 1, 1890 1,841.45 

Expended 632.97 

Transferred tOBurveye, gauges, and ubsiTvationR,. tirst 
and second districts : 1, 208. 48 

1,841.45 

Survey St. Francis Front : 

Transferred from protection of le veos, second diHtrict 300. 00 

Expended a. 249.50 

Transferred to surveys, gangoa, and observationH, iirat 
and second districts 50. 50 

300.00 

Care of plant, first and second diHtru'ts: 

Available July 1, 1890 20,452.15 

Expended 20, 114.80 

lYansferred to plant, first and second districts 7. 35 

20, 452. 15 

Surveys, first and second districts : 

Available July 1, 1890 1,255.30 

Expended 731. 14 

Transferred to surveys, gauges, An<l observations, first 
and second districts 524. 16 

1,25.5.30 

First and second districts (plant) : 

Allotment, act Sex>tember 19, 18JK) 130,500.00 

Transferred irom care of plant, first and second dis- 
tricts 7.35 

130,507.35 

Expended 36,396.29 

In Treasury 105, .500. 00 

Overdrawn 10,398.94 

95, 101. 06 
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Proservation of works : 

Allotment, act September 19, 1890 $16,000.00 

Transferred fromleyees, Plum Point Reach 75. 97 

Transferred from protection of levees, second district . 5, GOi. 45 
Applied by general service 3b 187. 47 

$23,867.89 

Expended , 5,351.37 

In Treasury '. 15, 000. 00 

In hand 3,516.52 

18,516.52 

Surveys, gauges, and observations : 

Allotment, act September 19,1890 15,000.00 

Transferred from gauges, first district 563. 50 

Transferred from gauges, second district 12. 50 

Transferred from sur. and ex., first district 1, 208. 48 

Transferred from sur. and ex., second district 1, 119. 89 

Transferred from sur., first and second districts 524. 16 

Transferred from siir., St. Francis Front 50. 50 

18, 479. 03 

Expended 5,314.94 

In Treasury 14, 500. 00 

Overdrawn 1, 335. 91 

IS, 1 W. 09 

Second district — Memphis Reach: 

Available July 1, 1890 16,178.67 

Applied by general service 1, 874. 81 

18,063.48 

Expended 5,437.95 

Transferred to Memphis Harbor 12, 615. 53 

18,(^3.48 

Memphis Harbor : 

Available July 1, 1890 5,619.74 

TransfeiTcd from Memphis Reach 12, 615. 53 

Transferred from Plum Point Reach 105, 000. 00 

123, 2a^. 27 

Expended 15, 320.H4 

In Treasury 105, 000. 00 

In hand 2,914.43 

107, 914. 43 

Helena : 

Available July 1, 1890 2.80 

Allotment, act September 19,1890 22, 500. 00 

22,502.80 

In Treasury 22,500.00 

In hand 2.80 

22,502.80 

Gauges : 

Available Julv 1, 1«K) 282.50 

Expended 270.00 

Transferred to surveys, >»;Hng<'K, an<l olwcrvations, first 

and second districts 12. 50 

282.50 

Observations and discharges : 

Available July 1, 1890 2.07 

Expended 2.07 
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\ 
SxirfeyE, ezaminationH, and inspections : 

Ayailable Jnly 1, 1890 ^ $1,575.06 

Expended 455.17 

Transferred to surveys, gaages, and observations, first 
and second districts $1, 119. 89 

1,575.06 

Third district — Lake Providence Reach : 

Available Jnly 1, 1890 6,526.66 

Transferred from protection of levees, fourth cli8tri(^t . 9, 000. 00 

Applied by gener^d service 1, 874. 81 

Allotment, act September 19, 1890 185, 000. 00 

Allotment, act March 3, 1891 330, 000. 00 

532, 401. 47 

Withdrawn for reallotment 125, 000. 00 

407,401.47 
Expended 17,835.68 

In Treasury 358,000.00 

In hand 31,565.T9 

389,565.79 

Vicksburg Harbor: 

Available July 1, 1890 37, 305. 75 

Allotment, act September 19, 1890 *. 85, 500. 00 

Transferred from Delta Point 156. 58 

122,962.33 

Expended 38,497.93 

In Treasury.... 70,500.00 

In hand 13,9(>4.40 

84,464.40 

y icksbnrg Harbor— Delta Point : 

Available July 1, 1890 156.58 

Transferred to Vicksburg Harbor 156. 58 

Greenville, Miss. : 

Available July 1, 1890 3,482.48 

Allotment, act September 19, 1890 100, 000. 00 

Allotment, act March 3, 1891 100, 000. 00 

Applied by general service 21, 951 . 61 

Temporarily transferred from Lake Bolivar Front 2, 713. 74 

228, 1 47. 8:^ 

Expended 30,647.83 

In Treasury 197, 500. 00 

In hand 0.00" 

197,500.00 

Ashbrook Neck : 

Allotment, act September 19, 1890 300,000.00 

Applied by general service 45, 649. 80 

345,649.80 

Expended 130,687.95 

In Treasury 210,000.00 

In hand 4,96L85 

214, 961. 85 

Flant: 

Allotment, act September 19, 1890 100,000.00 

Allotment, act March 3, 1891 30,000.00 

130,000.00 

Expended 51,466.70 

In Treasury 75,000.00 

Inhftnd 3,533.30 

78,533.30 



-•^al 
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Lake Bolivar Front : 

Available July 1, 1890 , $20,289.72 

Temporarily transferred to Grocnville $2, 713. 74 

Expended 1,619.67 

In hand 4,333.31 

15, 956. 41 

Ganges: 

Available July 1, 1890 498.90 

Expended 360.00 

Transferred to siu-veys, gauges, and observations 138. 90 

^ 498.90 

Surveys, examinations, and inspections : 

Available July 1, 1890 1,062.26 

Expended 1^062.26 

Surveys, gauges, and observations : 

AUotmon t, act September 19, 1890 12, 000. 00 

Transferred from gauges 138. 90 

12,138.90 

Expended 6,741.81 

In Treasury 4, 000. 00 

In band..; 1,397.09 

6, 397. 09 

Dry dock : 

Allotment, act March 3, 1891 20,000.00 

Fourth district — New Orleans Harbor: 

Available July 1,1890 48.519.62 

Expenses office Chief of Engineers * 112. 00 

4g 407.62 

Allotment, act September 19, 1890 lOo'oOO.OO 

148,407.62 
Expended 78,688.08 

InTreasnrv 40,000.00 

In hand 29,719.54 

69, 719. 54 

Rod and Atcbafalaya rivers : 

Available Julv 1.1890 23,731.63 

Allotment, act Septcnil)er 19, 181K) 225, 000. 00 

248,731.83 

Expended 101, 622. Xi 

In Treasury 140, 000. 00 

In hand 7,109.28 

147,109.28 

Natchez and Vidalia : 

Available July 1, 1890 675.65 

Expended 675. 65 

Natchez, Miss, (survey) : 

Allotment, act Septeni])er 19, 1890 1,500,00 

Expended 1,385.31 

In hand 114.69 

Gauges: 

Available July 1, 1890 400.02 

Expendwl 278.13 

Transferred to surveys, gauges and observations 121. 89 

400.02 
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Snrveye, examiDatioiiK and inN]u>(*(i<)ns: 

Available July 1, 181)0 $1,507.41 

Expended 1,507.41 

Surveys, gaageB, aud observations : 

Allotment, act September 19, 18: 50 jf!l2, 0<X). 00 

Transferred from gauges 121.89 

12,121.80 

Expended 6,421.39 

In Treasury 3,000.4)0 

In hand 2,700.50 

• 5,700.60 

Levees (Brst district) : 
Plum Point : 

Available July 1, 1890 75.97 

Transferred to preservation of works, tir.st aud secoud districts 75. 97 

Levees (second district) : 
White River Basin: 

AvaUable July 1, 1890 3,954.35 

Allotment, act September 19, 1890 192, ,500. 00 

196, 454. 35 

Expended 77,588.20 

In Treasury 100,000.00 

In hand -. 18,866.15 

118,866.15 

Upper Mississippi lovee district : 

AvaUable July 1, 1890 510.08 

Allotment, act September 19, 1890 90,000.00 

90, 510. 08 

Expended 55,543.92 

In Treasury 15,000.00 

In hand../. , 19,966.16 

34, 966, 16 

Yazoo Front : 

Allotment, act September 19, 1890 1.5,250.00 

Expended 1,505.18 

In Treasury 15,250.00 

Overdrawn .• 1, 505. 18 

13, 744. 92 

Protection of leveea: 

Available July iri890 5,904.45 

Transferred to survey St. Francis Front 300. 00 

Transferred to preservation of works, firHt siiid socond 
districts 5,604.45 

5, 904. 45 

Levees (tbird district) : 
Lower Mississippi levee district: 

Allotment, act September 19, 1890 198,000.00 

Transferred to protection 9, 900. 00 

188,100.00 

Expended 123,866.09 

In hand 61,233.91 

ENO 91 ^217 
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Levees (third district) — Continued. 
Tensas Basin^ Arkansas: 

Allotment, act September 19, 1890 $190,000.00 

Transferred to protection 9, 500. 00 

$180,500 00 

Expended 49,576.08 

In Treasury 76,000.00 

In hand 54,923.92 

130, 923. 92 

Tensas Basin* Louisiana: 

Allotment, act September 19, 1890 95,000. 00 

Transferred to "protection 4, 750. 00 

■ 90,250.00 

Expended 66,875.59 

In hand 23^374.41 

Protection of levees : 

Available July 1, 1890 747.,43' 

Transferred from protraction of levees, fourth district . 1,000. 00 

1,747.43 

Expended 1,747.43 

Protection of levees. Lower Mississippi levee district: 

Transferred from levees 9, 900. 00 

Reallotted 32,750.00 

42,650.00 

Expended 17,139.92 

In Treasury 12,750.00 

In hand 12,760.08 

25,510.08 

Protection of levees, Tensas Basin, Arkansas: 

Transferred from levees J 9, 500. 00 

Reallotted 47,500.00 

57,000.00 

Expended 19,706.6K 

In Treasury 22,500.00 

In hand 14,79:3.32 

37,293.32 

Protection of levees, Tensas Basin, Louisiana : 

Transferred from levees 4, 7o0. 00 

Reallotted 34,062.00 

38,812.<lii 

Expended .• 23,278.23 

In Treasury 14,062.00 

In hand %,471.77 

15, 533. 77 

Levees (fourth district) : 
Tensas lYont : 

Available July 1, 1890 29,117.41' 

Expeuded 29,117.4 :! 

Tensas Basin * 

Allotment^ act September 19, 1890 210, 000. 00 

Reallotted 40, .521. 00 

250, 521. 00 

Expended 84,999.82 

In Treasury 120, .500. 00 

In hand 45,021.18 

165,521.1^ 
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Lovees (fourth district) — Continued. 
Right bank below Red River: 

Allotment, act September 19, IftOO $130, 500. 00 

Reallotted 43,750.00 

$174,260.00 

Expended 109,668.60 

In Treasury 46, 750. 00 

In hand 17,831.40 

64, 581. 40 

Left bank below Red River: ===== 

AUottment, act Sej»lember 19, 1890 94, 500. 00 

Reallotted 23,688.00 

118, 188. 00 

Expended 87,781.80 

In Treasury 23,000.00 

In hand 7,406.20 

30,406.20 

Protection of levees : . == 

Available July 1, 1890 18,160.13 

Transferred to Lake Providence Reach 9, 000. 00 

Transferred to protection of levees, third district 1, 000. 00 

10, 000. 00 

8, 160. 13 
Expended 8,160.13 

Lovoofl '■ to ^J" * 

Available July 1, 1890 58,469.83 

Allotments, act September 19, 1890 1,188,000.00 

Reallotted 250,02L00 

1,496,490.83 

lYansferred to Lake Providence Reach 9, 000. 00 

Transferred to preservation works, lirst and second 

districts 5,680.42 

Transferred to surveys, gauges, and observations 50. 50 

14,730.92 

Expended 1,481,759.91 

75M04;59 

In Treasury 444,062.00 

In hand ^.... 280,893.32 

724,955.32 

Consolidated statement, March S, 188 1, to June SO, 1891. 

Act of March 3, 1881 $1,000,000.00 

Act of August 2, 1882 4,123,000.00 

Act of January 19, 1884 1,000,000.00 

Act of July 5, 1884, less $6,000 transferred to snag boat service 2, 065, 000. 00 

Act of August 5, 1886, less $5,942.60 for expenses office Chief of Engi- 
neers 1,994,057.40 

Act of August 11, 1888, less $4,859 for expenses office Chief of Engi- 
neers 2,840,141.00 

Act of September 19, 1890 3,200,000.00 

Act of March 3, 1891 1,000,000,00 

Total specific appropriations 17, 222, 198. 40 

Balances f^om former appropriations a]>]>lied to ivorks 
below Cairo, under act of August 2, 1882, less $123.42, 
reverted to Treasury $272,504.96 

Same for works above Cairo, under act of July 5, 1884 22, 632. 53 

Total balances 295,137.49 

Received from sales, loss of property, and dci}Mi.sit s 675. 88 

Reallotted 21.00 

Total available 17,518,032.77 

Expended , 14,461,952.78 

Balance July 1, 1891 ~3, 056, 079. 99 
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Appendix C 1. 

PAPER BY CAPTAIN CHAKLES F. POWELL, CORPS OF ENGINEERS, ON A MEASUREMENT 
OF THE DEPRESSION OF THE FLOOD UNE, 1890, AT GAUGE STATIONS BELOW RED 
RIVER LANDING, FROM CONTIGUOUS CREVASSES. 

The method of meaBurement used depends upou the relation between a gauge and 
the Red River Landing gauge, as derived from the gauge readings on the rising 
stage and between bank overflow and the stage when the first considerable crev- 
asse ooomred. * 

The gauge relations may be, and most probably are, different on rising and falling 
stages ; also different for stages below bank and above bank ; and the crevasses broke 
when the river was rising and above bank. 

Red River Landing is the station farthest upstream which can be safely used for 
obtaining the gauge relations on account of the flood disturbances made by the Red 
and Atchafalaya rivers and the unleveed Tensas Front next above Red River. 
Below Red River Landing there were no tributaries nor new outlets during all the 
flood, except the crevasses whose net effect on the flood line is desired. 

There may have been a crevasse effect at the standard gauge, and if so, the 
amounts of flood line depression, herein deduced, are too small. 

Plate 1 shows the plottings on a large scale, being the points inclosed by circles, 
of the mean daily gauge readings. 

The apparent irregularity or want of smoothness in resulting hydrographs is more 
noticeable in hydrographs plotted from the observed readings, 8 a. m. and 4 p. m. 
The irregularities may result from wind in raising or lowering the water surface 
temporarily, from tidal influence, errors of observation, or other cause. 

Mean hydrogiwphs, drawn through points inclosed by squares as shown on the 
plate, and representing the mean of five daily means, are plotted for neutralizing the 
irregularities named, and thereby for better defining; the gauge relations. 

The first and largest levee break, known as the Nita crevasse, occurred March 14, 
so no gauge reading after that date was used for the mean hydrographs. 

From largest mean flood velocities in discharge observations at Red River Laud- 
ing and Carrollton, it was found that the river flow for a day was about 100 miles ; 
consequently the time intervals in half days, from Red River Landing to Bayou 
Sara. Baton Rouge, Plaquemine, College Point, and Carrollton are, respectively, 
0.5, 6.5, 1.5^ and 2 days. 

The readings scaled from the Red River mean hydrograph and extending from Feb- 
mary 1 to March 12, were divided into groups of four, whose means with the meaus 
of the respective corresponding scaled readings at each of the other stations were 
plotted as shown on plate 2, being the points there inclosed by circles. The curves 
through the respective sets of ten points are what may be termed curves of corre- 
sponding gauge readings. 

It is needed to extend these curves to the abscissa, representing the highest gauge 
reading at Red River Landing, for scaling the ordinates, or to otherwise determine 
the ormnates, which would have been the highest readings at the other gauges had 
the gauge relations continued to the top of the flood as they obtained for the 40 days 
before the crevasses commenced to break. These deduced highest readings compared 
with the highest observed give a measure of the actual lowering of the flood Ime at 
each of the other gauge stations. 

The 4-day means, described above, were divided into three groups ; the curves 
drawn through the plottings of whose means, shown by inclosing triangles on Plate 
2, are the mean curves of corresponding gauge readings, these curves not differing 
more than 0.1 of a foot from the first curves of corresponding readings. 
. All the latter named curves have the characteristic, so marked that it may be taken 
as alawof the curves, of being for arcs about equal on the vertical scale^ alternately 
convex and concave towards the side of the origin of coordinates during a rise of 
about a foot at Red River Landing ; therefore^ for such a rise, under the law the cor- 
responding rise at either of the otner gauges increases or decreases as the river goes 
up. Consequently, applying the maximum ratio of rise between the standard gauge 
and anoth^ gangs for finding the rise at the latter, proportional to the remaining 
rise (about 5 feet) at the former, would give too large a flood height, or in other 
words a limit which the no-crevasse flood would not have reached. 

The points of the curves of corresponding gauge readings between which the ra- 
tios were taken as maxima are marked on Plate 2 by the intersections of short ob- 
Hqne lines with the curves, and for the Carrollton curve are designated a and b. 
The vertical scale distance between a and h is 0.88 feet, and the horizontal 0.75 feet : 
the highest observed reading at the Landing gauge above the reading of 6 is 5.23 
feet; &en 0.88, 0.75, 5.23, the limiting flood height above h on the Carrollton scale. 
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The curve on Plate 2, inarkod luiix., is an extension of the Carrollton moan curve of 
correspondiug gaugo roadingw, niado to pass through the point whose ccKirdiiiaU's 
are th« lavSt two torniH of the above propt>rtiou, referred to 6 a« an origin. 

An ap])]irent law of the mean curves of corresponding gange readings is their con- 
vexity toward the left, so deeidod that it merits acceptance. From the law it fol- 
lows that tnie extensions of the curves will be to the right of tangents at tlie npper 
ends of the curves. The intersections of the tangents ^th the abscissa, zepresent- 
iug the highest reading at Red River Landing, give readings on the other gauges, 
above which the no-crevasse flood would have reached. 

In the absence of any reason that the gauge readings of that flood would have been 
nearer one limit, as found above, than the other, a mean of the limiting readings in 
each case is, from the data, the most probable height of 4ihe no-crevasse flood. 

The following table gives the depressions of the flood line obtained by the fore- 
going method : 



Locality. 



Bavon Sara . . 
Baton Kongo. 
Plaquemiue . . 
Kita Crevaase 
College Point 
Carrollton — 



Distance 
from Re<l 

River 
Landing. 



Milet. 
34.2 
68.0 
88.2 
133.7 
137.7 
191.7 



Lower 
limit. 



FMt. 

2.17 
3.12 
6.19 



4.16 
2.57 



=u'Sr M-- 



Date of lil^beat ob- 
served ^aiige 
readiuiF. 



Feet. 
8.57 
4.73 
C78 



4.79 
4.09 



Feet 

3.02 
3.92 
5.98 



4.48 
8.33 



Apr. 21. 
Apr. 21 and S 
Apr. 22. 

March 1«. 
Match 17. 



The Nita crevasse was the only break below Red River in March, exeept three com- 

Earatively small breaks, one of which waa closed AprU 10. The other principal 
reaks, with their dates and with volumes of discharge, measured three and four days 
afterwards, are listed below : 



Dates. 



Apr. 22 
23 



Breaks. 



RarooiiTvl 

Kew MorgHUKa .. 
Upper M(»r>?anza. 

Fanny Hiche 

Preston 

Point Mauler 

LobdoU 



ing. 



second. 



^iUe. 


Fett, 


14 


18.468 


22 


117,7112 


23 


40,960 


31 


40,320 


37 


10,000 


43 


12,000 


60 


57,900 



Smaller and less important breaks occurred on and after April 21. 

Since the first flow of a crevasse is small, and considering the dates of breaks and 
highest gange readings in the tables, also considering the hytlrographs, it follows 
that very nearly all of the lowerings of the flood line, as measured above, result«Ml 
from the Nita crevasse alone, and that the later crevasses did not aflect the highest 
gauge reiadings at College Point and Carrollton. Such crevasses ]>revented the flootl 
Bne, however, from going above its highest readings at Bayou Sara^ Baton Rouge, 
and Plaquemine. 

It is now proposed to give the amounts of the lowering of the flood line, based, 
not upon the gauge relations from ohservations of 1890 alone, as above, but upon the 
mean relations ohtained from gauge readings of all the floods available and perti- 
nent to the purpose. These floods and the periods of rising stage between bank 
overflow and the commencement of crevasses are, for Carrollton and Baton Rouge: 



1890, Feb. 1-Mar. Ill 
1888, Apr. 15-Apr. 30 | 
1887, Mar. 10-Apr. 8 I 
1884, Feb. 22-Mar. 12 J 



At Red River Landing. 



Plaquemine and College Point reaflings are missing for 1887 and 1888, and Bayou 
Sara readings for 1884, 1887, and 1888. 
Proceeding aa for 1890, Plate 3 shows the mean curves of corresponding gauge 



APPENDIX Z Z — REPORT OP MISSISSIPPI RIVER COMMISSION. 



• 

3405 



rea<liiig8 from nil tbe olwervations indicated. The following table gives the rosnlt- 
ing amounts of the lowering of the 1890 flood line, also the mean amounts from 1890: 



Locality. 



Bayou Sara . . . 
Bason Kougu . . 
Plaquemine .. . 
C6H«Ke Foiut . 
CaiMlton 



Lower 
limit. 



Feet. 



3.65 
3.44 
2.39 



Higher 
liiuit. 



Feet. 



Mean. 



Feet. 



Bomarks. 



2.6U I 
5. 04 j 
4.07 I 
3.53 



2. 22 JTroni 4 years 

3 75 S ■'^'""^ ^ y«^i*» i 

From 4 ytiaxn 



2.96 



From 1890. 



Feet, 



3.02 
3.92 
5.98 
4.48 
3.33 



To get the maximum net effect of all the crevasses at one time, in depressing the 
no-crevasse flood, according to the data and method herein, there should be sub- 
tracted from the deduced flood heights, instead of the higliest ^auge readings, the 
readings at times obtained by applying time intervals from Red River Landing, April 
23, a. m. The results would be larger than the amounts of the actual lowering of 
the flood line previously given by — 

Feet 

For Bay o u Sara 1.1 

For Baton Rouge 0. 9 

For Plaquemine 1. 1 

For College Point 2.6 

For CarroUton 1» 9 

Such maximum net effect obtained April 23-25, and is the difference in height be- 
tween what the no-crevasse flood would have been at that time and what the crevasse 
flood was. 

CuAS. F. Powell. 

St. Louis, November, 1890, 

Appendix C 2. 

PAPER BY CAPTAIN CHAR LBS F. POWELL, CORPS OF ENGINEERS, ON EFFECTS OF OUT- 
LETS ON THE BED OF THE RIVER BELOW THEM. 



Engineer Office, United States Army, 

Sioux Ciiyy lotvUf May .% JS91. 

General: When secretary of the Mississippi River Commission, 1 instituted an 
investigation of the effects of outlets on the bed of the main river below tliem. The 
matter was explained to my successor, and a memorandum showing the intended 
scope of the investigation handed him ; the data and plots, as far compiled or drawn, 
were left at the office. Since then I have added some data, and now, at your invita- 
tion, I send the following statement of the investigation and a discussion of results: 

The first effort was to make copies of old hydrographic plots from engineer sur- 
veys and the delta survey, not on file at the Commission oflice; to examine tlie 
records and reports for obtaining all reliable and comparable measurementH of the 
river sectfons near and below outlets, and to compile a history of the outlets where 
such measurements were obtained, for an intelligent discussion of the outlet effects. 
Requisite data are unfortunately limited, and for some of the outlets entirely lack- 
ing. 

The measurements of the river sections below outlets were made at different 
heights and conditions of river stage. Judging that the effect-s of stage might mask 
the outlet effects, and, if known, furnish a key to the mystery of discrepant results, 
an examination was made of the effects of river stage at the discharge sections from 
Cairo to Carrollton, removed from outlet influence. This examination showed by 
means of plots, and in a decided way, that at the discharge sections named a generally 
rising river scours the bed and a generally falling river fills it; nothing came of 
attempts to trace the effects of comparatively small ohanges of stage, but the large 
net changes, considered as units, certainly appeared from the plots, showing hydro- 
graphs and areas of sections for graphic comparivson, to cause efi'ects on the bed as 
stated. 

Laws of scour and fill at the discharge sections, which are in the straighter and 
narrower reaches of the river, may not obtain at wide and shoal places^ a close 
examination of this point was intended, but is not now practicable. A discussion 
of it is not now specially pertinent to the present inquiry, since the four outlets con- 
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fiidered are at deep reaches; only one, Morgaiiza, is in a sharp bend; the others are 
in reaches more or less straight. 

That the rising Mississippi with increased velocity and Tolume, and hence greater 
euer&^y, should scour, and that the receding flood when the velocity is diminishing 
should deposit from its heavy load of sediment, is an equally good theory to the gen- 
erally accepted one of All below an open outlet and of scour below a closed one. It 
seems to me, wliile floods cause deposits that they are made on the receding stage 
and to its lowest point, and not on the advancing stage, and that the cutting out of 
bar channels across shoal places at low and falling stages should not be considered a 
proper exception to the general law indicated; neither should the case where the 
shifting of the thalweg on a rising river acts to temporarily mold a new form of 
section. In the first case a contraction is effected in a greater proportion than the 
diminution of volume ; the channel, too, being better defined, is more closely followed 
by steamers, and a stirring up of the bottom deepens the channel in some degree. 

Below Red River, where the outlets considered are located, the river width is about 
constant for all stages, the channel wide, and the bottom so deep that it can not be 
sensibly affected by steamer wheels. The river is more straight than above, and the 
thalweg location more constant. The tendency for the thalweg to take a shorter line 
when the river is rising is neutralized, more or less, in case of an outlet by the draw 
towards the outlet. 

At the least, the record is such, omitting opinion or theory, that for a safe com- 
parison of river sections to discover outlet effects, it should be made between sections 
measured under similar circumstances of river stage and condition. 

Another side examination was to see about the effect of crevasses ou controlling 
depths in the reaches below. Levee breaks, as well as breaks through the natural 
banks, generally occur where the river is deep and where a fill would be no present 
detriment to navigation; raising of the crossings would be detrimental. l?or this 
examination the only data which seemed available were the surveys of 1882 below the 
Mississippi crevasses of that year, fi'om Malone to Arkansas City. Assistant En- 
gineer J. A. Ockerson, who has furnished valuable aid throughout for the investiga- 
tion, made the examination referred to. His statement is appended. He fin4l8 from 
the data, that while the fills in the pools were decided, the crevasses had but little 
effect on the controlling depth of the crossings. 

The somewhat decided average fills at sections below the crevasses named, as 
shown by the surveys of 1882, have been prominently cited as positively ]^roving 
that outlets do raise the river bed. Now, there were only two surveys, giving one 
set of comparisons; the first survey wa« made during the rising stage of the great 
flood of 1882 and the other at low water after the flood receded. Ine sections are 
not comparable for the purpose desired, there being no way of eliminating effects of 
river stage and condition, or of even showing which component, stage or crevasse, 
was the larger in making the fill, supposing that both acted to that end. 

Another deceptive conclusion as to outlet effects on the river bed has been drawh 
from comparisons of sections above and below outlets, wherein the lower sections 
were found to be smaller, and made to apply particularly to outlets making from 
bends. This method assumes that sections of a river reach are normally of equal 
areas. An examination was made of sections at the head and foot of several bends, 
removed firom crevasses ; in a majority* of cases the larger section was at the head. 
The theory of fills below outlets is derived from the fact of the lowering of the water 
surface at the outlet, and consequently the loss of slope and velocity below. A gain 
of slope and velocity above must be likewise acknowledged ; a scouring effect results 
thereby, and the comparison of sections above and below aoes not show how much 
of the difference is due to scour at one section or fill at the other. 

Therefore, to give a proper measure of outlet effects, sections below the outlet only 
should be compared together. 

With this preface, longer than I wish it were, I proceed to the germ of the paper, 
commencing with the 

MORGAMZA CREVASSE. 

History, — ^May 19, 1850, opened. After 1865, closed ; no further record. April, 1866, 
closed; no record of next previous break. April 15, 1874, opened. February, 1884. 
closed. March 14, 1884, opened. January, 1887, closed; just after survey of tliat 
year. April 22, 1890, opened. 

iftfM>Tey«— Soundings on eight sections below the crevasse, covering about 5 miles of 
river, were made under the Commission, in 1883, 1887, 1888, and ISS, giving the fol- 
lowing 
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Survey. 



February, 1883 . 
January, 1887 .. 
January, 1888 . . 
October, 1889... 



Condition of ere- 
vasHe. 



Open for 9 years . . , 
Open for 3 years . . , 
Cloaed for 1 year. . 
Closed for 3 years. 



Maxunum 
depth. 



Feet. 
92.2 



74.3 
80.5 
74.8 



Mean 
depth. 

Feet. 
44.5 



38.2 
39.1 
36.7 



Area. 

Sq.ft. 
Ill, 523 

92,869 

98,484 

91,701 



Notes. 



CarroUton ^u^e, 5 to 12 lect, 

rising towanlH high from 1.8 

feet, Janiuirv 1 . 
Small rise DtH'embtT, 1886; 

BanieJauuary;laMtrii44' from 

Fcbnuiry 1.* 
Small rise DwoiuImt, 1887; 

good rise oiul of January, 

towards highest. 
"Low and fEdhng. ^ 



No other meiisurements were found. These are are good and reliable, and more 
than ordinarily numerous at each survey. 

From the table it is found that a closure of the crevasse for a year was followed 
by a scouring of the channel; a continual closure for 2 years more shows just about 
as much^ZZ as the scour measures, so that an open crevasse and a closed oue, each for 
3 ye«'vrs, give nearly the same sized channel; the longest period of closure corre- 
sponds to the smallest of four channels, and the longest period of open crevasse cor- 
responds to the largest channel; thus it would seem that the open crevasse scoured 
and the closed one filled the main river bed below. 

Considering the stated law of river stage and condition alone we might expect 
the largest section in 1883, the next in 1888, the next in 1887, and the smallest iu 
1889, which is exactly what we find from the measurements. 

Or the surveys, those of 1887 and 1888 only were made under approximately simi- 
lar circumstances. The floods preceding were about of the same height, that of 
1887 being a little higher near the outlet, and that of 1886 being generally higher 
for the whole river; the drop of the flood of 1886 was the more regular and sharp, 
possibly making a little more deposit than macle in 1887 during the flood receasion of 
that year; the spring rise of 1887 commenced earlier, and included more of the sur- 
vey period than did that of 1888, but the former rise was the more irregular during 
the survey period. 

Considering the effects of the river stage, however, as equal at the two surveys and no 
other cause applied than the closure of the crevasse, there results, as an effect of the 
closure for a year, a scouring of the river bed of 5 per cent, of the area of former sec- 
tion, about a large enough margin for errors of observation, indicating that the clos- 
ing of the crevasse had if any influence but a small one of scour on the river bed below. 

On the whole, and from a consideration of all the measurements, the only conclu- 
sion which seems warranted by the record for Morganza is that the influence of river 
stage greatly predominates over the outlet effect, and masks the latter so closely 
that neither its amount nor direction can be stated. 

BONNET CARR^. CREVASSE:. 

S%8t4>ry. — December 19, 1849, opened; over 7,000 feet wide; 1850, closed after July; 
April 20, 1859, opened; 1859, closed; April 19, 1871, opened; winter of 1871 and 1872, 
closed; April 11, 1874, opened; 1882, closed after survey of same year. 

Sureeys, — ^The following gives dimensions of a section below the crevasse, taken from 
different surveys and reduced to a stage, reading 15.2 feet on the CarroUton gauge: 



Surveys. 



Jaly, 1850,* Forshey 

February, 1851, Ellet 

June, 1851, Smith 

February, 1850, Pattison 

September, 1874, Board of Engineers* , Ln 

September, 1875, Board of Engineers, Lii 

January, 1878,t Coast Survey 

October. 1876, Coast Survey 

May, 1878, Board of Engineers, La 

Karob, 1879, Coast Survey 

February, 1880, Board of ^gineers. La 

December, 1882, Mississippi River Commis^i(lll . 
XToveoiber, 1883, Mississippi River Commission . 
October, 1884, Mississippi Kiver Commission . . . 
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159,288 
125,798 
181,318 
146, 118 

* Bottom velocity is stated (H. & A. ) to have been more than 1 loot per second greater below the 
break than above, 
f Stage some doubtful, but believed to be correctly used. 



Condition of crevasse. 



Depth. 



Maxi- 



Open, one-half year. 
Closed, one-half year. 
Closed, one-lialf year . 

Closed, 8^ years 

Open, one-naif year. 

Open, 1^ years 

Open, 2yV«rs 

Open, 2) years 

Open, 4 years 

Open, 5 years 

Open, 6 years 

Open, 8J years 

Cios^ 1 year 

Closetl, 2 years 



Feet. 
66 



Mean. 



Feet. 
46 
45 
49 
44 
42 
50 
55 



Area. 



Vso 



147, 500 
154,000 
167,000 
151,200 
144,200 
170.778 
188.302 



147,359 



3468 REPORT OF THE CTtlEP OF ENGINEERS, tl. S. ARiCY. 

An inspection of tho table readily hIiowh tlio Isu'k of fair correspondence between 
channel aixo un«l citlier condition of tlut crevsiKKi*. The direction of change of area 
is somewhat more often in favor of an incronHe of :irea for a closed crevasse and de- 
creiuse for an open one than otherwise; the mean area when the crevasse is closed is 
149,927, and when open 154,461 square feet. ' 

The area of the section of 1859, after the crevasse had been closed 8 to 9 yeaxs, 
nearly equals the mean area of all sections ; five sections from 1875 to 18S2. when the 
crevasse was open, include the largest two, the smallest and two intermediate sized 
sections. 

Arranging the areas in order of the greatest to the least, there follows: 



No. 


Area, 


Crevasse. 


Time of survey. 


Not<'8. 


1 

2 
3 
4 

6 

6 

7 


Sq.ft. 

188.:J02f 
170,778 

167,000 

159,288 

154,000 

151.200 
147, 500 

147,350 

146, 118 
144.204 

131,318 
125,708 


Open, 2 years 

OiMMi, 1^ years 

Closed, one-half 

year. 
Open, 6 3'eara. 

Closed, one-half 

year. 
Closed, 8 J years... 
Open, one- half 

year. 
Open, 4 years 

Closed, 2 years 

Open, one-half 

year. 
Closed, 1 year. . , . . 
Open, 8 4year8 


Januarv, 1876 

SiptemWr, 1875... 

June, 1851 

February, 1880.... 

February, 1851.... 

Ffbrnnrv. 185».... 
Julv, 18a0 


5 to 10 feet, risinj;. 

>y»pteniber. 
HieheHt late March; then slow fiiJl ; sharp rise 

from May 25 through June. 
11.5. 8.7, and 11.5 feet; gonerally rising in Jan- 

uary. 


8 


Mav, 1878 


10| fe^i, fallina: slowly; highest Match and 

May, 11.3 an.f 1 1.2 feet. 
1.8 U. 3.0 feet: rising. 
1 to 2 feet ; st4iud. 

1.8 to 5.3 feet; on winter rise. 
2.5 to 1.8 feet; fulling. 



10 

11 
12 


October. 1884 

St»pt«niber, 1874... 

Novemlier, 1883... 
December, 1882 . . . 



It can be noticed from the table that four of the first six areas are from soundinn 
made during the rising flood months, Jannarjr and Fi'bruary j that, contrary to the 
usual rule, there was a sharp late summer rise in 1875, possibly accounting by re- 
sulting scour for the large se-ction of that year : and that a similar rise oconrred in 
1851 just before and during the survey ; also, that the last six areas were measured 
in ordinary falling or low stage months, the notes showing that sudi stages ob- 
tained for five of the six surveys ; iu November, 1883, the time of the otJier survey, 
there was quite a sliaq) rise. 

Tlie last three surveys named in the first table, ones by the Commission, inclnde 
soundings on nineteen sections below the crevasse, commencing at its lower end. 
Mean nieaflureinent-s of these s<>ctions are shown below. They are reduced to a da- 
tum difi^erent from the datum of the previous tabl(>s ; these mean sections are Judged 
to be good and more useful than the others, since the latter are single sections: 

Means. 



Date. 


Crevasse. 


Dtpth. 

61 
04 
68 


Area. 

1M,671 
l,'i7,014 
173,055 


Carrollton gauge. 




Onen 8J years 

( icwi'il 1 yi'ar 

Closed 2 years 


2.5 to 1.8 feet; falling. 
1.8 to 5.3 feet; rising. 
1.8 to 3.0 feet; rising. 


NovenilM-r. 188:j 

October 1884 





Tlie increase of mean se<'tional area from 1882 to 1884. about 13 per cent., appar- 
ently indicates a scouring from a closed crcvssse over that of an open one, which 
inference is confirmed by the measurement of the intermediate year. 

The floods preceding the surveys were great ones ; they rea<*hed the respective 
highest readings at the Carrollton gauge of 15.0, 15.4, and 15.6 feet; the highest 
points at the other stations difi'er iu order from this; and the orders at the other sta- 
tions also difter among themselves. 

It might be noted that the levees of the lower river were extended and raised dur- 
ing the period of surveys, and that during the survey of 1882 the river was falling 
and in tne other years rising. The latter two circumstances especially make the 
sections less comparable than they ought to be for a decided conclusion as to the 
crevasse effect; these alone might readily account for the changes of sectional i 
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On the whole, and considering all the observationR, a conclusion for Bonnet Carr^, 
similar to that drawn for Morgan xa, although les8 in degree, seems proper. 

cubitt'8 gap. 

. History, — Cubitus Gap formed in 1862 from a cut through the bulkhead of fisher- 
man's canal; the water flowed as through an orifice onto a flat of the Gulf, and soon 
conmienoed to form a delta, there})y causing the outlet to gradually deteriorate but 
not wholly closing. No record was found fixing the time of maximum flow or capac- 
ity of the gap. 

DimeMi&ns of the gap. 





Sectional openin;;. 


Di8elnir;;e 

per 

second. 




Survey. 


Width. 


Max. 
depth. 


Flowl 
area. 


llcMiiarkH. 


1868, Coast Sarvey 

May 1» 1873. Howell'. 

Jimi^, 1874, Coast Survey. 

Feb., 1876, Coast Survey . 

Mav 1877 Howell 


Feet. 
2,087 
2.850 

2,617 

no clige. 


Feet. 


Sq.ft. 


Cubic feet. 





115 
over 100 






Best depths 1 mile seaward, 4 

feet. 
Discharge not over 109 per cent. 

of that of 1876. 
Depth 1,200 feet seawards not 

over 10 feet. 


129,000 
119,000 




124,660 


113 
66 


I>ec. 1883 Houer 


2,875 

















From the survey of 1876, it was found that the area of section 150 feet seawards 
from the opening was 83,300 square feet, and 1 mile farther the aggregate area of 
passes 58,748 square feet. From observations made by M^or Davis in 1874, a depth 
of 124 feet was obtained at the entrance to the gap, and of 4 feet a few hundred feet 
seawards. M^jor Davis states that at that time there was considerable delta forma- 
tion spread out fan-shaped with many outlets or passes quite shoal at the outer ends. 

Professor Mitchell has remarked that the impinging of the river on the south point 
of the gap out that part away faster than the north point shoaled; this explanation 
accoonts for the widening at the head while the capacity of the gap may have been 
diminishing. 

It is Judged that the outlet attained its maximum capacity before 1874, and prob- 
ably several years before. 

SECTIONS OF MISSISSIPPI RIVER DBLOW GAP. 

Sf 500 feet heloto, . 



Surveys. 


Max. 
depth. 


Widths of water way. 


CarroUton gauge. 


60 feet. 


50 feet. 


40 foot. 


1838. Talcott 


Feet. 
•75 


Feet. 
1,.300 


Feet. Feet. 

•2.100 2.8SA 




1864 




Gap opened. 




46 
54 
51 




1,800 


Mayl, 1875, Howell 

February, 1876, Coast Sur- 

Haroh. 1882, Heuer 

December 26, 1883, Heuer. . 




1,080 


2,200 
1,800 

1,800 

1,510 


Top of flood, 1 1 .3 feet on May 3-18. 
9.0 feet to 11.2 feet; spring rise. 

14 feet to 15 feet ; top of great flood 

near end of March. 
Slow riAe from Oct. 15 to Dec. 15; 




58 
48 


j 750 


1 


then 8 feet to 5 feet at end of 
December. 



About two miJea below. 



Survc'j'. 



\f o^ Wipth of 
' wT wav. 



Feet. 

1838, Talcott 

1866, CoastSnrvev ' 4l» 

A pril or May, 1877, ( 'oa^t Sur vt- v 4:{ 

Bttoember, 1883, Ileiu>r 42 



Feet. 

2,600 

2,000 

IXM) 

800 



Stn^e one-half to two-tliinlH, rining. 
Stage one-third to one-half, falliug. 
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Planes of references for eoufidings. 

18381 

1^q\ Suppoeed to be m. 1. w. 

1887] 

1876 Low tide on low ri vqt »t Head of Paeees . 

Jg^l Zero of United SUtoa engineer gauge at Head of Passes. 

The tables show a very marked decreaae of water way of the main river below 
the gap after it opeued a« compared with the single survey made several years be- 
fore opening, for which no explanation is suggested other than the outlet influ- 
ence. The STiiallcKt section observed, next below the gap, was in 1S66, just about 
which year the outlet probably ran the fullest. 

Cubitt's Gap appears from the observations to be a case where the fill on the river 
l)ed as an effect of the outlet considerably exceeded any opposing action of scour 
by rising stage of river. 

That a fill below the gap did occur after 1866 is further shown by Marindin com- 
parisons of mean depths of areas in the river as tabulated below. The surveys were 
by the Coast Survey. Further details are given in Mr. Marin dln'Si report, for which 
see the Commission report for 1882 : 



Surreys. 


Areas compared. 


Mean shoaling. 


1866-187« 


From soath pofait of mip for 1,300 feet downstream 

From lower limit of abo\« area to Cnbitt's honse 

From Cubitt'B house to very near Head of Passes 


Feet. 
1.6 or 0.16 per year. 
3. 9 or 0. 35 per year. 
3.6or 0.40poryear. 


186« 1877 


1866-1875 





In connection with the investigation as to Cubitus Gap, an examination was made 
by Mr. Ockersou of the Engineer surveys at the Head of the Passes. Mean depths in 
the part of the river covered by the surveys, about 2,000 feet long and next upstream 
from the South Pass works at the Head of the Passes, are shown below : 



Time of survey. 



Moan 
depth. 



I Feet. 

June, 1880 26.7 

1881 1 27.2 

1882 ' 27.4 

lK8;i 28.2 

Mav, 1884 1 27.0 

1885 26.0 

(Mean) ' 27.1 

April, 1880 j 27.1 

1887 2S.0 

188« I 27.0 

March, 1889 27.4 

1890 ■ 29.2 

(Mt>an) ' 27.7 



CarroUton gauge. 



10.1 to 6.4 feetj falliug after highest in April. 
12.3 to 10 feet; falling after highest in April. 

Stand, 12.6 feet during June; highest in March and Aiiril ; slow fall May 

1 to June 1. 
13.7 to 12.5 feet, falling, highest in April. 
Stand, 18.6 feet; hieheet in March; small fall April. 
11.7 to 10.8 feet, fallhig; highest January and Febniar}': irregular March 

and April. 

8.4 to 13.4 feet; rising towards last of May. 

14.2 to 8.9 feet; rising, then falling; highest ui early May. 

10.3 to 14.1 feet: rising to highest m early May. 
Rising, then falling; higheHt at middle of month. 
Rising 14.8 to 15.2 feet; liigliost in April, 15.5 feet. 



V^rom this it does not appear that the shoaling next below Cubitt's Gap is dupli- 
cated since 1880 at the Head of the I'asses. It may be noticed that the first six 
KtirveyH wore fjonerally made during falling-stapfc nioiitliH, and the last live gencr- 
nlly during riwing-stage mouths; also that the first two tables plainly indicate a re- 
lation between river stage and river bed in those cases where the stage is known. 



THE ATCHAFALAYA. 



ffi«/ory.— -Before Shrevc Cut-off, 1831, this stream was an outlet proper of the Mis- 
sissippi; since the cut-oft" the Atchafnlaya has remained practically an outlet, either 
by drawing oif Red River water, which otherwise would have gone to the Missis- 
sippi, or by receiving water from the main river via Upper or Lower Old River, one 
or l»oth. In the first case the Mississippi is depleted by the diversion of a tribu- 
tary; in the other by the direct abstraction of part of* its volume. In both cases 
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effects in the same direction, on the bed of the main river below Old River, althoagh 
perhaps not of equal extent, might reasonably be expected. 

The Atchafalaya was formerly choked and nearly hlled for miles by immense rafts 
of timber: the removal of the rafts was undertaken in 1840 and the work steadily 
prosecuted until 1861. From reliable statements and observations it appears that 
upon removal of the rafts the Atchafalaya rapidly enlarged. The early commlBsion 
reports and Major Beuyaurd's reports about 1880 detail circumstances showing the 
eulargement and express opinions to the effect that the Atchafalaya had again be- 
come an important outlet of the Mississippi. In the former-named reports are given 
the following comparisons of a section at the head of the Atchafalaya: 



Authority. 



Delta aaryey. ... 

Delta snryey 

Mid«r Howell.... 
Mfjor Benyaurd 



Year. 



1851 
1899 
1874 
1879 



Section 
area. 



So, ft, 
24.400 
28,700 
89,160 
52,100 



High 
water, 
width. 



Feet. 
730 



891 
040 



Maximtiin 
depth. 



Feet 



52 



114 
130 



Increase. 



Feet. 



4.300 
14.160 
27,700 



Peroent. 
of in- 
crease. 



.172 

.605 

1.134 



The following were compiled from discharge measurements: 
AtcKafalaya Hcti&n. S,000feei helow Head. 
[Datum 51 feet on Barbr» Landing gange, H. W. 1882.] 



Date. 



June le^nly 23, 1880 

Aug. 16-Oct 5, 1880 

Oct. 25, 1881 

Dee. 13, 1881-Mar. 24, 1882 . 

Har. 28-Nov. 16, 1882 

June 29, 1883 

Jan. 31-Mar. 20, 1885 



No. of 
observa- 
tions. 



Barbre 

Landing 

gauge. 



Feet 
26.7-30.0 
15.ft-10.4 
14.9 

30.0-50.6 
50.9-13.3 
38.7 
42.&-33.1 



General 
stage. 



Rising. 
Falling 
Rising. 
...do.. 
Falling 
...do.. 
...do.. 



Moan 

area. 



8q./t. 
41,901 
40,281 
40,410 
40,653 
39,654 
45,966 
44, (K^O 



Mean max- 
imum 
depth. 



Feet 

86.3 
82.7 



87.6 
89.1 
86.5 
93.6 



Atchafalaya section at Simmsport, 
[Datum 32.3 feet, Simmsport gauge] 



Date. 



Jan.l7-Mar.l2,1889 
lCar.20-Kay28,1889 
Har.6-Apr.l7,1890. 
Hay6-M!ayl9,1890. 



No. of 
observa- 
tions. 



Simmsport 
gauge. 



Feet 
20.4-32.3 
80.8-13.0 
40.8-45.2 
44.8-44.0 



General 
stage. 



RiMing . 
FaUing 
Rising . 
FaUing 



Mean 



iSQ.ft. 

43, 212 
43.032 
46,473 
52,236 



Mean maxi- 
mum 
depth. 



Feet 



79.8 
79.5 
83.9 
92.9 



Some 16,000 square feet should he added to the Simmsport areas for comparison with 
those of the next upper section. Captain Kingman says in his report of 1889, that 
the extreme hich- water area at site of dam No. 1 (Simmsport) was 63,470 square feet, 
and is expected to he 50,710 over the dam ; the dam was ouilt in that year. It might 
he expected that the head of the river was larger than a few miles helow, still it un- 
doubtedly appeal's that the bed of the Atchafalaya enlarged very considerably Irom 
1851. 

Not only the river, however, but the wliole basin should be considered as the out- 
let for high-water escape. The first record found of any leveeing at tlje head of the 
basin is an aocount of the United States levee from the Atchafalaya to Red River 
Landing; this was commenced in 1882 and completed in 1883. In late years the 
whole front had been closed to the river- bank levees, and probably the high- water 
capacity of the whole basin as an outlet of the Mississippi has in the last 4 to 2 years 
been restricted, or at least not enlarged. 
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Foi^finding what times and extent the Atchafalaya was an outlet proper, the read- 
iii|j;8 of Barbre's Lauding gauge, since its establishment, June, 1880, were compared 
with those of the Ked River Lau«iing gauge after proper corrections, indading slope 
from Old River to Rod River Landing. In 1880 to 1890, except 1881, 1882, and 18^, 
the cnrrent was up Old River during the low-water months, the slope varying from 
3.3 feet in 1889 to 7.3 feet in 1884. In the excepted years the cnrrent was down for 
the low- water months, the slope reaching maxima of 4 feet in 1880,9 feet in 1883, and 
12.6 feet in 1887. During high and medium stages the slope was generally from 
to 1 and 2 feet, occasionally about 3 feet, and rarely 4 feet, and of very irregular 
and changeable direction. So we see that the Atchafalaya tor the last 10 years has 
generally received Mississippi River water during the lower stages, and only in an 
intermittent way during other stages. « 

Mississippi River sections at Red River Landing (Delta surrey). 



Date 



Area between 

bftuks at 
high water. 



Maximum 
depth. 



Bemarks. 



March, 1851 

1851 

High water 1858 



*'* 



Feet. 



200,784 
240,000 



]2« 



Section 25, in front of post-office. 
Section 26. 
Two sections. 



NoTB.^The high waters of 1851 and 1858 at Natchez were the highest in June and 
April, the former 1.4 and the latter 0.7 feet less than the highest at the same station 
in 1882, which reading at Red River Landing gauge is the datum for the following 
sections, taken from the Commission discharge measurements: 

Mississippi Rity^r aeotions at Red River Landing, 



Date. 



Deo. 14, 1881-Mar. 27, 1882 

Mar. 28-Oct. 17, 1882 

Oct. 21-NoT. 23, 1882 

Mar.21, 1884 

C)ct^ft-Doc. 16, 1884 

IHmj. 19, 1884-Feb. 4, 1«85. 

Feb. 5-Mar. 30, 1885 

Jan. lO-Mar. 13, 1889 

Mar. 14-May 29, 1889 

Feb. 21- Apr. 18, 1890 

May 1-May 20, 1890 



No. of 
observa- 
tions. 



55 
145 
22 

1 
54 
28 
85 
85 
32 
15 

6 



Red River 
Landing 
gange. 



Feet. 
30.3-48.5 
48.4-9.2 
10. 5-meaii 

48.1 

11.9-mean 
8.8^42.1 
42.1-35.4 
10.5-84.0 
33.9-18.7 
41.fr-47.8 
47.4-46.0 



General 
stage. 



Rising. 

Falling 
Low ... 
Eising . 
Low... 
Rising . 
Falling 
Rising . 
Falling 
Rising . 
Falling 



Mean 
area. 



Sq.fl. 

2^7,321 

255,109 

246,519 

237,842 

251,453 

256.090 

257,152 

235,034 

23S-717 

223.531 

237,071 



Moan 

maxininm 

depth. 



FeeL 



78 
81 
79 



84 

87 
96 
85 
86 
65 
82 



There is donht of the relative locations of the two sets of sections. The Delta 
survey section may have been as much as a mile upstream from the Commission's, 
The record as far as obtained shows a shoaling, not extensive, of the main river at 
Red River Landing from the period of 1851-1858 to 1881-1890; it does not seem practica- 
ble to trace any sure correspondence between the amount or rate of shoaling and 
the growth or diminution of the basin outlet. The changes o^ sections in the last 
period of measurement are not explained by scour on a rising stage and deposit on a 
falling one; other causes had more effect in this case. Besides the want of definite 
djtta, the situation is complicated by the Red River element making the outlet an in- 
termittent one, and changeable between overflow from, and inflow into, the Missis- 
sippi, especiaUy for high river; Red River Bar appears from the map to have grown 
downstream, thereby ibrcing a motion of trauslation, in the same direction, to the 
normal section of the river. Raccourci Cut-off, 3 or 4 miles below Red River Land- 
ing, and completed in 1847, probably increased depths next above the cut-off for 
that time and a short period after. 

While it may not be safe to base any genoral law on the effect* of the Atchafalaya 
outlet, it can be said that the filling of the main river be<l below, is not fully and 
satisfactorily referred to other caune. 

This completes the record of all outh>tH whore measurements exist of the river bed 
below the outlet and made liefore and after it fV^rmed. 

Reviewing the conclusions above, it may be noticed for outlets at and below Rod 
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River (from where they can be led directly to the Gnlt), that, as far as the record 
^ee, the larg^e all-stage outlet was found to cause a measurable and remaining till 
m the main river below, but not the smaller and high stage crevasse. When the lat- 
ter ceases to flow the effect of the river, is by scour, to return to its normal section of 
bed; and the action of 10 per cent, to 20 per cent, of the whole river for about one- 
fourth of the time oucht not to decidedly influence it for the whole time. 
Very respectfully, your obedient servant, 

Chas F. Powell, 
Captain, Corps of Engineers. 
Gen. C. B. Comstock, 

Corps of Engineers, U. S, A., 

President Mississippi Jliver Commission. 



rTATBMEKT BY ASSISTANT SNOINKER J. A. 0CKEB80N, ON THK EFFECT OP CREVASSES 
ON GONTROLLINO DEPTH OF THE MISSISSIPPI RIVER. 

The principal work bearineon this a uestlon is to be found in the surveys of De- 
cember, 1^1, and January, 1882, and tne resurvey made below the crevasses in Octo- 
ber. 1882. 

Tne first-named survey was made prior to the great flood which caused the crevas- 
ses in 1882, and the resurvey was made several months afber the flood had receded. 

The latter survey was in the main confined to resounding the sections in the vicin- 
ity of and below tne crevasses in four different reaches between Malones and Arkan- 
sas City. 

In the first reach, from Malones to Australia, about 14 miles long, 23 sections were 
resounded. Five out of that number show an increase in maximum depth, and 18 
show a decrease from 0.5 to 13.5 feet; or an average decrease in the thalweg depth of 
3.7 feet for the entire reach. 

The second reach extends 8 miles down from Biverton. There were 14 sections re- 
sounded, among which are 2 with greater depth and 12 with depths ran^ng from 
9.2 to 34 feet less than the same sections before the crevasses occurred. This gives an 
average decrease in thalweg depth for the entire reach of 14.1 feet. 

The third covers a distance of 9 miles from Bolivar down and 17 sections were re- 
Boxmded. Two of these sections are deeper and 15 show a shoaling of from 2.2 to 
47.7 feet, or an average decrease in the thalweg depth of 14.4 feet for the whole reach. 

The fourth reach covers a stretch of about 5 miles near Arkansas City and embraces 
8 sections. Of these sections 1 shows an increase in depth of 1 foot and 7 show a 
decrease of from 0.8 to 36.9 feet, or an average decrease in thalweg depth of 18.2 feet. 

It will be observed that the original survey of the reaches named were made dur- 
ing a rapidly rising and high staee of river, ranging from 22.6 feet below high 
water on the first reach to only 5 feet below high water on the fourth reach ; and 
during the resurvey the stage was nearly uniform for all of the reaches, and about 
36 feet below high water. 

On the first reach^ where the outflow through the crevasse was small, and where 
we find the least difference between the stages of the surveys, there is the least aver- 
age decrease in depth; while on the fourth reach, where the difference in stageH is 
lar^es^ we find the greatest average decrease in depth. 

(%i the second and third reaches, where the crevasse discharge is much larger than 
in either of the others, but the difference in stages much less than in the fourth reach, 
we have a large average decrease in depth. 

With the exception of the first reach, where the channel is divided by Island 68, 
the ffreatest decrease in depth occurs in the deep sections of the b^ds, and the least 
in the shallower sections on the crossings. In fact the only sections that show an 
increase in depth in the last three reaches ore on crossings. This might, in a meas- 
ure^ be acoonnted for by the fact that, during the falling stage, bars cut out more 
ranidly than the pools which separate them. 

it may be well to mention, also, that it is impracticable to make the sections of the 
two snrveys and the soundings on them identical, owing to the depth of water aud 
the rapid current. The discrepancies arising from this cause would probably bal- 
ance in a large number of observations, and should not seriously affect the results. 

It would be better and more satisfactory if the surveys covered an entire cycle from 
one low stage to the next, as has been done at several of the discharge stations. In 
the sections compared the highest stage is below a general overflow stage. 

In the comparisons made of these four reaches, the differences between the fills in the 
pools and on the crossings are so marked that the conclusion, as far as this datu 

ENG 91 ^218 
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goes, Heems unavoidable, that the crevasses have had but little effect on the coDtrol- 
ling depth of the crossings. 

It may be urged that the first effect when the flood is receding is to sweep the 
crests of the bars into the pools, but this data gives no information on this point. 
It should be borne in mind, however, that several months elapsed after the flood 
began to recede before the resurvey was made. 



Appendix C 3. 

INSTRCUTIOXS FOR SECONDARY TRI ANGULATION, PRECISE LEVEL, AND TOPOGRAPH- 
ICAL AND UYDROORAPHICAL FIELD WORK. 

INSTRUCTIONS FOR SECONDARY TRI ANGULATION. 

Locating 8tation9. — In locating stations it is desirable to fix them at such points as 
give good conditioned triangles. The smallest angle in any triangle should never 
be less than 30 degrees, and but few of these should be permitted to enter into the 
system. The triangles should lie in such a way that pointings can be made from 
any station to the stations immediatly above and below on the same side of the river. 
That is, blind lines should always be' avoided. Other things being equal stations 
should be set where they can be readily found and where they will not be disturbed. 

Rc€Ld%ng angles. — ^The angles will be read with T.*& S. Theodolites, Nos. 1 and 2. 
The instruments will bo mounted firmly and protected from sun and wind when in 
use. The value of the angle will be determined by eight combined lesolts read as 
follows : 




The instrument being at A, carefully leveled and in good adjustment. With the 
Vertical circle to the right, or telescope direct, aud lower motion fixed, point aacces- 
sively to /\^ 1, 2, 3, and 4, recording the reading ofboth micrometers for each pointing. 
This gives a positive result for each angle. Then point to /^ 4, 3, 2, 1, and reoora 
read.lngs as before. This gives a negative result for each angle. A mean of the two 
gives one combined result. The readings in a positive and negative direction will 
eliminate twist of station or instrument, provided the readings occupy but a short 
period of time during which the twist, if any, is uniform. 

For the next combined result. The telescope will now be reversed, that is, re- 
volved through, leaving the pivots in the same wyes and the whole will be revolved 
180 degrees in azimuth. The vertical circle will then be on the left; the Umb will 
be shifted 22^ d^rees, and the stations will be read forward and back as before. 
The notes for this series will be headed circle left. Reversing the telescope will 
eliminate errors of collimation, small level errors, and inequality of pivots. Shift- 
ing the limb so as to read the angles at equal intervals around the circle wiU elimi- 
nate periodic errors and errors of graduation. 

The same program is followed until all the results are obtained, the limb being 
shifted and the telescope reversed after each combined result. 

The micrometers should be adjusted so the run will be nearly zero. This should, 
however, be tested at the beginning of each day's work, and entered in the note- 
book. 

Closing triangles, — The error in closing a triangle should rarely reach and never 
exceed 6 seconds, and the average closure should oe much below this. This will re- 
quire great care in the centering of instruments and targets. A discrepancy of one- 
third of an inch will give an error of a second in a distance of 1 mile. A tranapar- 
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ent olothy phaeeless target will be lued, the sise varying with the length of triangle 
sides. 

Bom liiiM.— Base lines will be measured at intervals of abont 75 miles. This will 
be done with the 900-foot steel tape. The line shonld be carefnllv staked out, and 
its jnade determined instrnmentaUy. Supporting stakes will be driven at intervals 
of 90 feet. The stakes marking the extremities of each tape wiU be firmly set and 
free from any disturbing influence due to tension of tape or otherwise. On these 
stakes strips of zino will be fastened and remain until the whole measurement is 
completed. The temperature of the tape will be determined b v three thermometers 
placed near the ends and in the middle of the tape. They will be attached to suit- 
able supports and plaeed with their bulbs near the tape when measurements are be- 
ing taken. Observers mu^t be oarefrd to keep sufficiently fur away so as not to i^ect 
the thermometers. 

The tape will be suspended in hooks at intervals of 90 feet, and attached in such a 
way that it may swing freely and eliminate friction as far as practicable. The ten- 
sion of the tape will be kept uniform while measuring by atwching a weight of 16 
pounds. The extremity of each tape length will be marked on the sine stnp with a 
tine line and suitably numbered. The preservation of these strips famishes a ready 
means of comparison of each tape length at any future time. 

The line should be measured two or more times, with a discrepancy when reduced 
of not more tium 1 in 250,000. This can readily oe done if measurements are made 
on cloudy days or at night. 

Observations for oMtmuth, — ^The azimuth of each base line will be determined by ob- 
serving, with a triangulation instrument, two closely circum-polar stars at elonga- 
tion on two different nights. 

The instroment and light should preferably be at the extremities of the base or a 
triangle side. The following order of observing will be used: 



Fint. 


Second. 


Third. 


Fourth. 


Circle right. 

Point tolight. 

Point to star and note 

time. 
Read lerel direet and x^ 

verBo. 
Point to star and note 

time. 
Point to light. 


Shift limb 46 degraes. 
Circle left. 
Point to Ught. 
Point to star and note 

time. 
Bead level direct and 

xeverse. 
Point to Btar and note 

time. 
Point to light. 


Shift Umb 46 degraea. 
Circle left. 
Point to light. 
Point to siar and note 

time. 
Bead level diraot and 

reverse. 
Point to star and note 

time. 
Point to Ught. 


Shift limb 45 degrees. 
Circle right. 
Point tolight. 
Point to atar and note 

time. 
Bead level direct and re- 

Point to star and note 

time. 
Point to light. 



On the second night repeat this programme, starting with a reading of limb 45 
degrees greater than the last reading of previous evening. 

It will probably be found most convenient in these observations to use Polaris, 
S UrsA Minoris, X UrssB Minoris and 51 Cephei. 

The time will be determined by observing the meridian passage of high and low 
stars. 

Stone line henck-^narJce. — ^At intervals of about 9 miles along the river, lines of pipe 
and tile marks will be set fqr future surveys. 

These lines will be numbered and located about as shown on maps on file in this 
office. 

The marks nearest the river will be far enough back to be safe ih)m erosion for 
many years ; the others will be half a mile further back. 

In cases where the blnfEs are near the river the rear marks may be omitted. The 
marks will preferably be placed at property comers, along public roads, or on prop- 
erty lines, in places where they can be readily found and where they will not be 
liable to disturbance. 

It it' desirable to determine the azimuth and distance between the successive marks 
on the same line when practicable. The marks should also be as nearly in a line as 
the conditions of location above named will admit. 

The marks will be connected directly with the secondarv triangulation, where prac- 
ticable, by 9 pointings from 2 or more secondaiv stations^ and an equal number 
from the point to be located to 2 stations that will give a fairly good triangle. 

Where the points can not be located directly from the secondary work, a tertiary 
system may be used, starting and closing on a secondarv line. In this work th»^ 
angles may be read with a good lO-second transit, and the triangles should close 
within 15 seconds. A steel tape or chain may also be used, where desirable, in locat- 
ing the point which is farthest from the river. 

CuUing Hmber, — Cutting timber to clear the lines of sight or for material with which 
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to bnild stations should be avoided as far ^is practicable. Where cutting isneoeasary 
H Htrict account must be kept of the number of trees cut, their size, and kind of 
timber. 

J}€8criptum8 of staUoiM. — A minute deecrlption of each station will be made and 
entered in notebook kept for that purpose. This description will be complete for 
each station, and will show what the Geodetic point is and now marked* Its location 
with reference to surrounding objects will be shown by an accurate sketch giving 
azimuth and distance to bearmff trees, houses, or other prominent objects. 

A similar record will also be kept of the stone line marks. 

INSTRUCTIONS FOR PRECISE LEVELS. 

1. Before commencing operations the constants of the instruments will be deter- 
mined. The most important of these is the value of one division of the level tube. 
This can best be determined by means of a level trier. It can also be determined in 
the field as follows : 

Sot up the instrument firmly, if possible, mounting it on a wooden post, or, better 
still, on a stone pier. Set up a rod in its tripod at such a distance tha,t it can be 
distinctly read through the telescope. The distance should be at least 50 metres, or, 
if the air is very still, 100 metres, and should be carefully measured. Adjust the in- 
strument carefully, taking such length of bubble in the level tube that its ends will 
be about the middle or tenth graduated line on each side. Direct the telescope to 
the rod, and by means of the elevation screw cause the bubble to run to near one 
end of the level. Carefully note the position of the three wires on the rod and the 
reading of the level. Now, by means of the elevation screw cause the bubble to run 
to near the other end of the tube, and note the reading of the' wire and bubble as be- 
fore. One result for value of 1 division of level can then be obtained. Tbia ope- 
ration should be repeated 10 times. The elevation of the rod should be changed 
occasionally between sets, in order to avoid estimating the same part of the same 
centimetre on the rod. It will be sufficient to run the bubble 5 divisions each 
side of its central position. 
If 

h = distance from instrument to rod, 
d, d^ = distance througli which eye and object ends of bubble move when run 

from near eye end to near object end, 
d-f-d^ 
— 5 — = amount of displacement of bubble between 2 readings. 

r, r^ == corresponding means of 3 thread readings on rod, and 
V = value of 1 division of level in seconds of arc. 
Then, 

ksmV {d-\-d') 

2. With the value of 1 division of the level, tables will be constructed showing 
the correction to be applied to a rod-reading for an observed inclination of the level, 
and for a distance determined by interval between extreme threads. 

If the level-bubble is well ground, equal displacements of the bubble, say of 2 
divisions, will correspond to equal disph^cements on the rod. 

3. Before using the level, or determining Its value, the fastening of the tube in its 
case should be examined. One end should be clamped down just tight enough to 
prevent the tube from moving easily but not tight enough to strain the glass. The 
other end should be lightly c&mped so that the tube may be free to expand and con- 
tract with temperature changes. The cotton packing at the ends shoiud not exert a 
lateral strain on the tube. ^1 level tubes will be numbered and have their numbers 
marked upon them. 

4. In order to determine the inequality in the telescope rines, the instroment 
Hhould be mounted on a stone pier or other firm support and carefully leveled. The 
level Hhould be carefully adjusted and the instrument clamped to prevent its moving 
iu azimuth. Now, with the eyepiece of the telescope over the elevating screw, not*' 
the reading of the bubble when level is set on telescope, both in direct and reversed 
position. Now reverse the telescope in the wyes, and read the level as before. Sev- 
eral sets of obseryatons should be made. 

Let hf ¥ = inclination of telescope as denoted by means of level readings with tel- 

h— A' 
escope direct and reverse<l, then the inequality of rings p = — — 

4 

Sixteen determinations of the value of p of two instruments in use on the lake 
survey gave probably errors of J^ 0".046 and j^z 0".041. 
The inequality may be expressed in seconds of arc if desired, but for purposes of 
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compatatioii is beet expressed in terms of level dirisionS; as it ean theu be conibined 
directly witii the error of adjustment of level. 

5. The centering of the object glass will be examined. This may be done as fol- 
loire: 

Draw oat the eyepiece until the threads are no longer visible. Direct the tele- 
scope upon some well-defined object^ and while looking at it rotate the tolest-oi^e in 
its wyes. If the object remains steady^ the object glass is sufficiently well centered. 
Should the object appear unsteady, the fault can only be remedied by a maker. The 
objective should be hrmly screwed into the telescope. 

o. The values of the wire intervals will be determined as follows : Set up a rod at 
carefully measured distances of 10, 20. 90, to 100 metres from the instrument. Keiul 
the rod ten time^ at each distance. The rod may be altered in elevation, the level 
may be caused to change, and the telescope may be rotated 180 degrees (inverted) in 
oraer to change the position of the threads on the rod. 

Taking the mean of the ten observed differences of readings of the extreme threads 
at each station occupied by the rod, a table will be constructed giving in metres the 
distance of the rod ftom the instrument for any observed difference of reading be- 
tween exteeme wires. 

7. Unless the rods used have been previously compared with some known stand- 
ard, they will be compared with each other and their relative lengths determined, 
lliis may be done by establishing two fixed points, or two foot plates, at equal dis- 
tances from tSie instrument and differing in elevation about 2.7 metres. The distance 
should be about 10* metres. Determine the difference of elevation of the points by 
readinff each rod on each point. A comparison of the resulting differences of eleva- 
tion wul give relative lengths of metres on rods. Ten measurements with each rod 
wUl be determined. The elevation of the instrument will be slightly changed be- 
tween each set In order to eliminate errors in estimatingthe millimetres. Each rod 
wiU be numbered and have its number marked on it. The rods should also be kept 
dry and provided with canvass covers to protect them while being carried to and 
from work. 

The distance of the zero graduation above the steel spur on which the rod stands 
will be well determined. This may be done with a ri^ht anele triangle and rule. 
It may also be determined by means of another leveung rod, the graduations of 
which commence at the foot of the rod, by determining the height of the instru- 
ment above some fixed point and subtracting it from the reading of the rod to be 
determined. The relative lengths of the rods must be known. 

Whenever a bench-mark is connected with in such a way that the rod is not placed 
directly on the bcmoh-mark, this quantity (a) enters into the computation of differ- 
ence of elevation. 

8. Before commenoing work at any time all adjustments will be carefully made. 
(a) The telescope wifi be collimated by having a rod set up at a distance of 130 

metres and noting the position of the wires on the rod when the telescope is normal 
and when inverted or rotated 180 degrees about its axis. The collimation error of 
the mean of the horizontal thread must not exceed 1.25 millimetres at a distance of 50 
metres. 

(h) The horizontality of the horizontal wires will be examined by moving the 
telesoope in azimuth so that the rod shall appear to move through the field of the 
telescope. If the tiireads are horizontal the reading on the rod will be the same, the 
jKMBition of the level, which should be closely watched, remaining the same. If the 
threads are found to be not horizontal they will be made so by turning the telescope 
a small amount in the wyes. When the thread wires have once been made horizontal, 
■mall screws which abut against projection of wye above elevating screw should be 
BO adjusted that when they press against this projection the wires are horizontal. If 
the vertical thread is then inclined, as shown by the plumb line attached to the rod, 
it must remain so. 

(o) To make the axis of the level parallel to the upper surface of the rings, it is 
necessary to make the vertical planes passing through them parallel (lateral adjust- 
ment), and to make them equally incbned to the horizon (vertical adjustment). 

To make Hhe lateral adjustment, raise the clips fastening the level to the telescope, 
and revolve the level about the telescope a short distance each side of the vertical. 
If the bubbly runs in opposite directions when on opposite sides of the vertical, the 
level is to be a^usted by means of the opposing horizontal screws at one end of the 
level nntil such is not the case. 

To make the vertical adjustment, raise one of the clips and read the level in 
its direct position and also when it is reversed on the telescope. The difference be- 
tween the differences- of end readings in each position is four times the error of ad- 
iustment, and is to be corrected by the opposing vertical screws at one end of the 
level case. The error of adjustment must not be allowed to exceed two divisions of 
the level. Care must be taken that the telescope rings are free from dust while 
adjusting the leveL After having made the vertical adjustment it will be necessary 



3478 REPORT OF THE CHIEF OF ENGINEERS, U. S. ARMY. - 

t-o examine the lateral adjustment again, since making one of these adjustmoute 
affects the other. 

(d) To make the level and vertical axis of revolution perpendicular to each other, 
loosen the small clamp screw at one end of the horizontal bar fastened to the vertical 
axis and by means of the elevating screw raise or lower that end of the upper hori- 
zontal bar until the telescope can oe rotated 180 degrees from any position and have 
the level reading the same in both positions. 

{€) To adjust the level attached to the rod, set up the r6d in its tripod in sndi n 
position that when a plumb line is attached to the small hook near the top of the 
rod, the point of the plumb bob shall coincide with the point of a small cone attai-hed 
to the rod near its foot. Now bring the level bubble to the center by means of tho 
leveling screws. In making this adjustment the rod should not be exposed to th(* 
wind, as the plumb line is influenced thereby. This adjustment will be made at 
least once each day. 

Each time that the instrument is placed on a station, its axis will first be madt* 
vertical by means of the leveling screws in such manner that the telescope may hvi 
turned around the horizon without the bubble of the level running a great number 
of divisions. The telescope is finally made horizontal by means of the elevating 
screw. The inclination at the moment of observing must not ordinarily exceed three 
divisions of the level, and never ^ve divisions. 

The instrument when in use ought always to be sheltered from the sun and wind. 
It is carried from station to station without being dismounted, but the level should 
be taken off and carried in the hand. The small clamp screw afrthe end of horizon- 
tal bar, and the large screw which fastens the instrument immovably to the tripod, 
should both be turned tight before moving the instrument. 

The rods must be place<l on the plates which accompany them and held in a verti- 
cal position as indicated by the spherical level attached. It is advisable to always 
use the same rod with the same foot plate. In placing the foot plates great caix* 
should be taken that they be horizontal, on firm groimd, and not liable to change. 
The surface of the ground, if not firm or level, should be removed. 

The errors of adjustment will be determined at beginning and end of each series 
of observations; that is to say, aft«r having mounted the instrument and before dis- 
mounting it, and in all cases at least once each day. If the instrument has been 
deranged by ajar the corrections must be determined anew. 

^ The error of collimation will be determined by two readings of the rod at a dis- 
t'unce of 50 metres when the telescope is in its normal position and two when it w 
rotated 180 degrees in the wyes. The difference between the means of the two readings, 
after being corrected for the inclination of the level, must not exceed 2.5 millimetres 
at that distance, and commonly should not exceed 1 millimetre. The error of the 
adjustment of the level (inclination) will be determined by reading the level four 
times when direct and four times when reversed on the telescope, reversing it 
between each reading. 

The error of adjustment must not exceed two level divisions, and commonly should 
not exceed one. All the details of the determination of the errors of adjustment 
must be entered in the note book in their proper place. It is always advisable to 
have the errors of adjustment as small as possible, and necessary that they be well 
determined. The time of making these determinations will be recorded in the note 
book. 

In all work along the main line of levels each observer will duplicate his own 
work by running over the line in opposite directions, preferably under similar con- 
ditions as to illuminations, etc. 

While connecting two bench-marks the order of using the rods will be as follows : 



AAA A 

H.Jf. 1 a I* a* 1* a» J» a* 

In the above figure let 1 1', I- — etc., represent the successive stations ocoupi«il 

by the instrument. B. M. a, a» etc., the positions occupied by Rod 1, and a. 

a* etc., the positions occupied by Rod 2. The iustrmment having been set up at 

I.' Rod 1 is placed on B. M. and Rod 2 at a, making the distance I — a eaual to I — 
B. M. Rod 1 is then read and immediately, afterward Rod 2. The time eiajmng l>e- 
tween these readings commonly will not exceed one minute and should not exceed 5 
minutes. The instrument is then carried to I', and Rod 1 to a>, the distances a — 1'. 
and 1^ — a', being equal. Rod 2 will then be read and immediately afterward Rod I. 
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The mBtnuuent will then be taken to I- and the rods read in the order 1, 2. Work 
will be conUnned in this manner until the other bench mark is reached. Bod 1 mnst 
be placed upon this bench-mark, which will be the regular order if there have b^n 
an even number of instrument stations. If there have been an odd number of in- 
strument stations, at the last station use Rod 1 for both backsight and foresight. 
AVhile leveling the rate of progress in favorable weather will be about one kilometer 
per hour. 

After havinff properly leveled the instrument at any station and having made tlie 
vertical thread coincide with the center line of the rod, the observation will be made 
and recorded in the following order: * First the level will be read, the tenths of 
the division being estimated; then the position of the* threads on the rod will be read 
the millimetres being estimated; and finally the level will be read again. The ob- 
server will then read the rod a second time to make sure that no error has been made. 
The recorder will then take the diU'erences between the readings of the middle 
and extreme wires to guard against errors, and if these differences denote any error 
the observations must be repeated* If an error exists it will be shown by too gi'eat 
a difference between the differences. This is a most impoi-tant check and must not 
be neglected. These differences will also serve as a cneck upon the distances be- 
tween the instrument and rods. 

The recorder should also check the level readings to mak^e sure that errors of whole 
divisions have not been made. This may be doue by summing up the readings and 
noticing the length of the bubble. In reading the level by means of the mirror care 
should be taken that the position of the eye is such that there will be no parallax. 
Such positions can be determined once for all when the mirror is at its greatest angle 
of elevation, by a second person reading the level directly while the observer finds 
the position from which the reading of the level in the mirror is the same. The 
notes will be kept in the form given in note books. When once a number has been 
written down it must not be erased or made illegible. If wrong a line will be drawn 
through it and the correct number written above. 

The lengths of sights taken wilj depend upon the condition of the atmosphere, 
but the rod should always be near enough to be seen distinctly. It will be seldom 
that lengths of sights greater than 150 metres can be taken. The back sight and 
fore sight corresponding to anv instrument station must not differ in length by more 
than 10 metres, and the sum of the lengths of the backsights and foresights between 
any two bench-marks should be equal. 

Whenever it is necessary that the line of levels should cross a river or other wide 
obstruction, a narrow place should be chosen. Firm points should be set upon the 
two banks: levels in good adjustment are set upon posts about 10 metres from each 
bench-marlc, and both levels go through the same operation. 

The error of a€{ju8tment i^ first accurately determined. — Call one of the levels A. A* 
first reads on the bench-mark neaf it, once with the telescope normal and once with 
the telescope inverted, and then on the rod across the river five times with the tele- 
scope nornud and five times with the telescope inverted. The error of adjustment of 
the level is aeain accurately determined. The rod across the river will need an extra 
vane. B periorms the same operation simultaneously. A and B change places and 
repeat the observation at these new stations. The simultaneous levels eliminate 
refraction, the change of station eliminates curvature and small instrumental errors. 
Unless good results are obtained the levels should be repeated. If but one level can 
be used the operation wiU be performed in the same or(ier, but the time occupied in 
crossing must be as small as possible. With a single Kern level this process has 
given for a river 815 metres wide five results, the mean of which has a probable error 
of J. ©"".B. (Ohio River, Cairo, 111.) 

Permanent bench-marks will be established at intervals of 3 miles along the river 
and 5 miles on lines connecting the river line proper with the other levels or bench- 
marks. 

These bench-marks will consist of a thoroughly verified tile 4 inches by 18 inches by 
18 inches placed 3 feet below the surface of the ground and surmounted by a 4-inch 
wrought-iron pipe as a surface mark. The tile should have time to settle before 
leveling to it. Both tile and pipe will be suitably marked to designate the char- 
acter of tiie point. In the center of the upper surface of the tile a copper bolt will 
be leaded, the upper surface of which will be the point of reference. These bench- 
marks will be placed where they can be easily found and where they will not be 
disturbed. Property comers should be utilized where prarti cable. 

In addition to iihe above, benches should be estaMished on permanent brick or 
stone structures by leading into them a horizontal copper bolt, with the lettera U. 
8. P. B. M., and the number of the bench-mark cut near it. A small hole in the 
center of the bolt will be the point of relereure. 

In connecting with a bench mark if the bolt is vertical the foot of the rod is placed 

* It is preferable to keep the bubble in the center while threads are being read. 
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directly upon it. If the boat is horizontal in the wall of a building or other struc- 
tnre^ it may be best connected in the following manner : Set ap the instromeat in 
such a position and at such an elevation that the small hole in the bolt may be 
bisectea by the middle thread without displacing the level by more than five diyi- 
sions, using the elevating screw for making this bisection. Sinee the instrument can 
be raised or lowered about two centimetres by means of the leveling serews, this in- 
strument can be placed in such a position by two or three trials. 

Now bisect the bench-mark with the telescope normal and also inverted, noting 
the readinff of the level. Read the rod on the plate ^ith the telescope in both posi- 
tions. It u necessary to eliminate coUunation by inverting the telescope, since the 
collimation of the middle wire is not the same as that of the three wires. The quan- 
ti^ of A (distance of zero above foot of rod) must be taken into aooonnt when a 
bench-mark is connected with in this manner. The distance of beneh-mark froin 
instrument must be determined and recorded. 

Whenever work is stopped at least two temporary bench-marks should be estab- 
lished. These will consist of large nails or spikes^riven their entire length Tortically 
into the base of trees, or in the tops of sound stumxw. 

When not in the vicinitv of trees or stumi>s, wooden posts may be fixxnly set in 
the ground with their tops flush with the surface and nails driven into them. When 
near the river, temporary bench-marks should be set every two kilometres. Every 
bench-mark will be fdlly described in a note book kept for that purpose. Its posi- 
tion with reference to the most prominent objects near it should be siven by distance 
and direction. Public buildings, such as depots, court-houses, enurches, etc., are 
the best positions for permanent bench-marks. In a village or town several perraa- 
jiont bench-marks should be established to secure some one ag^nst loss. 

If a railroad is crossed the elevation of the foot of the rail will be determined, and 
if leveling along a railroad, the elevation of the foot of the rail at depots will be de- 
termined. 

The elevation of the zeros of all water gauges and also the gauge bench*marks will 
be determined. • 

The datum planes of cities along the line of levels will be connected with and their 
elevations deduced. 

Frequent connections will also be made with the United States Engineer bench- 
marks between St. Paul and Grafton. 

In reducing the observations the nearest tenth of a millimetre will be retained. 
The distance will be taken out from the table to the nearest metre. 

The limit of discrepancy in closing a polygon will be — 

3"™ "v/Distance in kilometres. 

The distance referred to is the entire length of^the polygon from bench-mark 1 to 
bench«mark 2 and back to bench-mark 1, and the limit of discrepancy refers to the 
polygons between successive bench-marks. If the discrepa u cy exceeds the prescribed 
limit then the entire polygon must be re-run one or more times, or until the differ- 
ence of the means of the <urect and reverse results is within the limit. 

The notes will be kept in the following form. 
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INSTRUCTION8 FOR TOri>GKAPHICAL AND HYDROGRAPHICAL FIELD WORK. 

The objects of the survey of the Mississippi River are to obtain sufficient data for 
an aecnxate topographical and hydrographical map which may be used in studying 
the physical characteristics of the river, planning improvements, and also serve as a 
basis for fixture surveys, by means of which the chaxi^es in bed and banks may be 
ascertained and their causes and effects studied. The importance of having the 
work accurately done and the information embodied therein reliable is therefore 
apparent. 

The enierience derived in the surveys from Cairo to DonaldsonviUe, ooTering a 
period or several years, suggests the following instructions relating to the scope of 
the work and the methods to be employed. Other points will snggeit thauselves 
as the work progresses and new difficulties are met with. 

GeneralinstrucHona. — ^A record will be kept showing the daily progress of the party. 
It will contain at the beginning the orj^anization of the party, and the names and 
rates of pay of all persons connected with it. It will also give a detailed account of 
all occurrences of any importance which may in any way l>e of use in reducing the 
work or in settling accounts. 

At the beginning of each day's work each note book in use will give locality of 
work, date, name of observer and recorder, number of instrument used, and correc- 
tions, if any, to readings of distance and azimuth. 

In recording notes hard pencils will be used, and when an entry has once been 
made it should never be erased. Where an error has been made the record will be 
corrected hy drawing a line through the first value and writing the new value above 
it. Corrections that are made aner the work is done should be marked with the 
date of the change and the name of the person making the change. 

All notes should be so full and plain that they could be readily reduced by one 
who has not seen the ground. This will require carefiil attention tp detaUs which 
may seem of trifling importance in the field. 

All available information concerning the river and Its adjacent banks which will 
aid in the proper representation of the characteristic featoros on the map or be val- 
uable in the study of their changes will be fully noted. 

Local names of bars, bends, streams, or other features will be carefully noted and 
the projier spelling of all names to appear on the map will be ascertaiued. 

Permanent marks, as reference points for future surveys, will be established at in- 
tervals of about 3 miles along the river. There will be two on each side of the river 
nearly in a Hne. normal to the stream. The two nearest the river will be placed 
where they will be safe from the erosion of the banks for 20 years or more, and the 
others will be a half-nule further back. Where the bluffs are near the river the 
outer marks may be omitted. These marks should, when practicable, be placed near 
roads, property lines, or other places where they can be easily found at any time. 
Tlie marks will consist of fiat tiles bearing wrought iron pipes (see instructions for 
Hccondary triangulation), the tops of which should project not less than afoot above 
the ground. 

Note books will be fully indexed at the end of each day's work. Each note book 
will be marked on the outside with a title giving locality of work, date, names of 
chief of party and observer. All note books will be entered on the office files and 
properly numbered as soon as parties return from the field. 

The chief of partv being responsible for the accuracy of the work done, should 
see that the work of each member of the party is properly checked and fully covers 
the ground required. 

TertUury triangulatian. — ^Where the secondary stations are more than 8 miles apart 
a tertiary system will be carried giving points on either bank at intervals of a mile 
or less. ThiB system will begin on a triangle side of the secondary system or a care- 
fully mearared base, and all of the available secondary stations will be used in the 
tertiary ebafai. The tertiary work will also close on a line of known length as a 
check on its accuracy. The discrepancy should not exceed 1 in 3,000. The system 
should be laid out and the angles read in advance of the topographers, so that the 
azimuths and lengths of sides can be used in checking stadia work. 

The station point may be marked by a pole 2 inches in diameter stuck into the 
pound, and bearing a red and white fiag to distinguish it from the ordinary sound- 
ing fla^. A strip of white cloth wrapped near the bottom of the pole will admit of 
the pointings being made so low down that errors arising from disturbance of the 
pole by the wind will be inappreciable. 

For observing, the instrument may be placed on an ordinary tripod centered over 
the hole after me pole has been removed. 

The angles should be read with a 10-second instrument in good adjustment, and 
should be repeated at least three times on different parts of the line to check errors 
of reading. 

It is dewbable to have the first series read on azimuth. Having xM>inted to the 
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first station, read to all of tbe others in snccession. Pointings should also be made 
to all of the sounding flags in the vicinity, as well as prominent objects on land, 
snch as chimneys, houses, eto., the location of which wul serve to check the topo- 
graphical work. 

For the second series slip the lower limb 60 desprees «nd read to the stations in the 
opposite order tcom the first series. Slip the limb the same amount again and read 
the third series. 

The river ends of the stone lines will be made points in the tertiary system, and 
whenever practicable the stones should also be located trigonometrically. 

Tertiary points which are likely to remain undisturbed for some time should he 
plainly marked with a strong stake 2 feet high, the number of the point, the initials 
of the observer and date being marked on it with red chalk. 

Topography, — The detailed topography will cover a belt on each side of the river^ 
which, in wooded country or oi\ the bluffs, will be about one-half to three-fourths 
miles wide and in open country may reach about li miles. In this area there will 
be located, with transit and stadia, all points needed to plat accurately the impor- 
tant features on a scale of 1 :10,000. In all work the scale of the plat should be borne 
in mind; so that only such points be instrumentally located as can be readily 
plotted. 

Beyond the above limits outline surveys will be made defining streams, lakes, and 
the foot and main crests of bluffs with approximate elevations of same within a 
limit of 10 miles of the river. This work wiU be run with the transit or compass 
and stadia, and will freouently be connected with the detailed topography. 

Within the limits of the detailed area there wiU be located the top and bottom of 
the river bank proper, the shore line of islands and bars, the b^uiks and water lines 
of all waterways and lakes, with elevations of their water surfiM^es and depths, the 
points where the slope of tne ground changes either in direction or inclination, the 
limits of rock ledges, the approximate limits and kinds of cultivation, and forests, 
roads, levees, fences, houses, etc., and in fact everything that mi^ be necessary to a 
truthful representation of the section surveyed. 

A sufficient number of elevations will be determined on the bottom lands to admit 
of putting in contours 5 feet apart. In a wooded area this will require cross sec- 
tions at intervals of 500 metres or less. These should preferably be the con tin u&- 
tian of lines sounded across the river. The space between the lines should also }ie 
examined and if any important features are found they should be located. 

When the trees are too close together to admit of long sights it will be more ex- 
peditious and sufficiently accurate to use the compass needle for obtaining the direc- 
tion, as it will then only be necessary to set up at alternate stakes. 

The bluffs within the detailed area will be shown by contour lines 20 feet apart, 
the bluff curves being all some multiple of 10. Tlie bluffs in the outline area may be 
shown by hachures. 

Boundary lines, such as State, county, township, etc., coming within the limits of 
the survey, will be carefully located. 

Section or township corners, where they are well identified, will also be connected 
with. 

Qreat care must be taken in running out the stone lines. The azimuth of the linen 
must be accurately determined, and all distances will be carefully read, both forwanl 
and back. Each stone will be occupied instrumentally, and when practicable, the 
azimuth from one stone to the next will be read, and readings will be made to sur- 
rounding objects both as checks on the located positions of the stones and to aid in 
finding them in future time. A careful sketch and minute description will be given 
of each bench mark thus located. 

All sounding flags, water eau^es, and bench marks will be located. 

In running the main transit line along the shore sufficient check shots will be 
made to known points on the opposite shore, to prove the accuracy of the positions 
given for the transit stakes. Such check shots snould in fact be made use of in all 
parts of the work, so that errors of azimuth and distance may be detected and 
located. They also furnish means of correcting errors of position if any occur. 

The error of level carried with the transit should never exceed one foot for tht^ 
longest distances. In good work the discrepancies will rarely reach 0.5 feet. The 
work will be frequently checked by starting and closing on points whose elevations 
are known. • 

Distances. and vertical angles between transit stakes will be read from each end of 
the line. On transit lines the distances between stakes, read with stadi% should 
never exceed 500 metres at a single reading unless they can be checked by intersec- 
tions or other means. Single shots to distant objects may be read as far as the fig- 
ures of the rod are distinguishable. 

Tbe transit stakes of each observer will be numbered consecutively in the same 
reach and each stake will be marked with its proper number and the initial of the 
obMTver so that it can be readily identified wnen connected with by othua* 



APPENDIX Z Z — RIIPORT OP MISSISSIPPI RIVER COMMtSSION. 3483 



Careiiil sketobes wiU be made in the field of the entire asea surveyed and the lo- 
cated points will be indicated on the sketches and numbered ifi correspond with the 
pointing in the notes so there will be no difficulty in connecting the points properly 
on the field plats. The character of the immediate river banl will be frequently 
noted so as to show whether it is rock in place, loose rock, sand or silt, steep or 
sloping, caving or stable. 

Checks on azimuth and elevation should be frequent and when obtained should be 
marked in the note book in such a way that the amount of error will be i)lainly 
shown and where the correction should be applied. Notes that are not full in this 
particular will idways be open to suspicion which wil} throw doubt on the observ- 
er's honesty and the reliability of his work. 

Discrepancies in closing on triangulation points should never exceed 0° 05' in 
azimuth or 1 in 500 in distance. As a rule the discrepancies should be faar within 
$hese limits. 

The notes will be kept in the following form on the left-hand page of the note 
book, the other page being reserved for reductions, sketches and remarks. 



[Left-hand poge.] 

[Yiefaiity of PhJllipe Landing, Nov. 3, 1882. Inst. Wnrd, No. 154— Bis-fihort 1 in 100, As. Cor. 
Maltby, obsorver. F. P. Gibbs, recorder. 



F.B. 



Objects. 


No. of 
pointing. 


Ver. A. 


Ver.B. 


Difltanco. 


VerticAl 


Read. 


Corrected. ' 


angle. 


A Everett 

Top of bank.... 


1 
2 


At Al. 
o / 

95 10 

127 16 


o t 
276 10 


100 
250 


101 
252 


/ 
+0.10 
+0.8 



















[Wg 


bthand 


page.] 






















Diff.of 
elev. 


Blev. 
























290.3 
291.2 
292.2 


























+ 0.96 
+ 1.» 






















' 



Ordinary levels. — ^There will be a line of levels run along each bank of the river, 
the ordinary Y level being used for that purpose. 

All turning points will be numbered so that the topographers con readily identify 
the points connected with. 

The ordinary level lines \rill connect with all precise bench-marks in their vi- 
cinity. 

The errors of closure should not in any case exceed 0.2 feet for the longest inter- 
Tals. The two lines will check on each other at intervalB of not more than 8 miles 
or in the vicinity of each stone line. 

The elevations of stone-line bench-marks will be determined bv duplicate lines of 
levels, the discrepancies between which should not exceed 0.05 feet. The adopted 
elcTation will be the mean of the two determinations. 

The elevations of allpermanent stations near the river, except those on the bluffs, 
will be determined. Bsnch-marks will also be established on each bank at inter- 
Tals df about a mile. These may be placed on buildings, trees, or other permanent 
objects near the river. A careful description, sketch of location, and corrected ele- 
vations of aU bench-marks will be made and entered in a book kept for that purpose. 
These notes should be so full as to enable one not familiar with the grouna to find 
the marks even after the lapse of several years' time. 

All water eauges will be connected with by duplicate lines of levels f^om the 
nearest bench-marks and the elevations of their zero points entered in the gauge 
book, llie elevation of the zero should be tested whenever there is a probability 
that the gauee has been disturbed. 

The elevations of the water sur£BMse will be determined at the extremities of sound- 
ing linm ttt intervals of not more than 400 metres, and the time of the observation 
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will also be entered in the notebook. This, when corrected for chaoge of siaee, m 
shown by the local gfknge readings, will give t^e slope, and also serve to ohecklarge 
errors in leveling. 

Elevations of transit stakes^ high-water marks, and snrfiftoe of ground at sounding 
flags wiU be determined whenever it is practicable. 

Level notes will be kept in the following form on the left-hand page €i the note- 
book, the other page being reserved for sketches and remarks. 



[R. B. near Grud Tower, DeGerober 12, 1884. Inst. B. & B. J40. M. Greenwood, o1 



SUtlons.'' 


B.8. 


Ht^Inst. 
340.527 


F.S. 


BleTslion. 


T.P.113 




4.208 


338.321 


G51 




1.400 
3.15a 
2.380 


330.127 


T. 1M14 




4.031 


341.390 


337.388 


A 28 




330.019 













River crossings for connecting the two lines of levels will be made by the two ob- 
servers taking ten simultaneous readings across the river in opposite directions. 
Then the observers and instruments should change places and rei>eat the obeerva- 
tions. 

The instruments should be in good adjustment, and when once focussed for the 
long distance should not be chansed until the observations are completed. The 
mean of the values thus det^nnineif will be taken as the true value. 

Hydrography. — ^A continuous record of the stage of the river will be derived from 
a suitable gauge read three times a day, its zero being referred to a known bench- 
mark as soon afbcr it is set as practicable. 

Soimding lines will be run normal to the stream at intervals of 250 metres, and the 
soundings on these lines will be as close together as practicable. These lines will 
be numbered consecutively. 

A continuous longitudinal line passing through the deepest water on each section 
will be sounded. 

On all crossings there will be sufficient soundings to determine the least channel 
depth between the pools. 

As many soundings as practicable will be located by means of angles read simnl- 
tnneouslv between located points on shore, with two sextants in the sounding boat. 
Intermediate soundings can be interpolated by taking them at equal intervals of 
time. 

The character of the bottom wUl be firequently determined by means ora tallowed 
lead. 

In water less than 10 feet deep it is convenient to use a pole divided to feet aud 
t4^nths. A 10-pound lead is suitable in water from 10 to 40 feet deep. In greater 
<lepths it is desirable to use a lead weighing from 15 to 20 pounds. 

A fimvly twisted or braided hemp lead line three-eighths of an inch in diameter 
should be used. It should be marked with leather or cloth tags at intervals of one 
foot, the 10-foot marks beinff made conspicuous. The leuffUi of the lead line f^oin 
the end of the lead to each 10-foot mark must be tested at uie beRinning and end of 
each day's work and the result entered in the note book. The lead line should he 
accurately marked, so as to avoid corrections as far as practicable. 

The beginning of each line sounded will be headed in the notebook with the 
number of the section. A description of the character of the banks at intervals of 
about half a mile will also be entered in the notebook. 

The elevation of the water surface at the time of sounding may be determined for 
each line by means of the levels as already described under the head of ordinary 
levels. 

The notes will be kept in the following forms: 



Sounding in the vicinity of St, Loui9, November 16, 1889. 
[E. L. Harmaim, G. W. Wianer, ohaerversi D. B. PerUas, leooidflri J, StoU. toaAsman.] 
[Left-hand paf(e.] 



Time. 



ObRprved 
depths. 



Angh^D and raaKea. 



01ta»c4er 

of 
bottom. 



[Blffht-haadpitfe.] 



(T 



A 



^ 













* L>^XHtWT 



Eng9l 
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Th« aii£l«8 read to locate soimdmffs will be numbered oonsecutiYely for each day's 
work; aiid the sonndingB located wm be marked with corresponding numbers. 

CmpniiiMP and pUMS^,^Th% oodrdinates of all tertiary stations and stone-line 
bench-marke will be computed and, together with the secondary stations, will form 
the basis fi>r platting the toiKMpraphical detail. The results of these compatations 
will be kept in soitalMe form ana preseryed for fntore reference. 

The work will be ]|»latted on a scale of 1 : lO^OOO. The field plats will be 26 by 30 
inches in siae, on which, near the center, will be printed a 12-inoh circle dividea to 
15-minnte spaces to facilitate the platting of pow coordinates. 

Parallels and meridians, 1 minute apart, will be projected on the field plats and 
shown by fine red lines properly numbered. From these the A stations will be 

Slatted. As this is the ground work for subsequent detail it should be carefully 
one and cheeked over to insure its accuracy. All A stations, stadia stakes, and 
Bonndiu^ flags and their elevations should be marked on the plats in red ink before 
the detailed work is put in. 

All of the detail must be carefully platted and positions verified by check shots 
when such are available. 

The oontonr lines and other outlines should preferably be put in by the observer 
who located them in the field. 

Field plats will be laid out in such a way as to show both banks of the river with 
the a^acent topoffraphy on the same sheet whenever it is practicable. If the sheet 
is not lar^ enon^, plat the remaining work on a new sheet rather than enlarge by 
pasting pieoes to we first sheet. 

Banks that are too steep to. admit of drawine in the contours, and abrupt banks 
of less than 6 feet in height, will be shown by nachures. 

The elevations of water surfaces for each day's work wiU be plainly written on the 
plats. 

All field plats must be completed in the field at least far enough to detect any in- 
strumental errors in the field work before the platted area is out of reach. Hard 
pencils will be used in platting. 

Each field plat will bear a legend giving locality and date, the names of the chief 
of the party, the observers ana draftsman, the numbers and pages of the notebooks 
from wnich the notes were derived, and any other information that may be useful 
in the final reduction of the work. This data should be noted as the work is 
platted. 

Care must be taken at the edges of the sheets to have the detail on successive plats 
Join properly, and make sure that the ground is fully covered by the survey. 

N&mencHature, — The word lake will be confined to the larger bodies of water, 
which are seldom if ever dry. They usually have a lo^al name which should 
alwavs be noted. Smaller and temporary bodies of water having no local names 
will be called ponds. 

The word swamp will be applied only to ground which is covered with a growth 
of grass, cypress, elbow brush, willows, or such other vegetation as indicates that 
the area is generally wet, soft, or spongy. 

The terms bayou, or creek, will be applied only to main water courses which con- 
nect lakes and swamps or other drainage areas with th^ river, and carry water to 
or from the latter, as the stage varies. 

Minor swampy conduits will be caUed sloughs. This applies only to such as are 
not designated by local names. 

The character of the material composing the bars and banks of the river will be 
frequently noted and carefully described. 

Tne names of property owners or residents, of landings, wood-yards, fields, patches 
of timber, islanois, chutes, bends, bars, points, and other local names necessary to a 
frill description of the section surveyed will be fiilly noted and entered on the field 
plats. The following signs and abbreviations will be used: Secondary stations, @; 
tertiary stations, G^ ; transit stakes, B ; sounding flags, 0. Turning points in l<;vel- 
ing notes will be written T. P. ; bench-marks B. M. ; temporary bench-marks T. B. 
M.^^and precise bench-marks P. B. M. 

On the field plats the precise bench-marks, with their numbers and elevations, will 
be written thus: P. B. M. 27 218'.032; stone-line bench-marks thus: B. M. y B 
319^.23, in which the numerator is the number of the stone line, and the denomina- 
tor the number of the stone on the line reckoned from the outer stone on the left 
bank. 

The stone lines will be numbered consecutively upstream, beginning with number 
1, near Cairo, IH. 

All elevations in the topographical work will be referred to the Memphis datum 
plane. 

To reduce elevations from the Cairo datum to the Memphis datum subtract 13.13 
feet frx>m Cairo datum elevations. 

The approximate mean Gulf level is 8.13 feet above the Memphis datum plane. 



3486 REPOET OF THE CHIEF OF ENGINEERS, U. S. ASMY. 

Appendix C 4. 

repobt of mr. j. a. ockkkson, assistant enginxbby on profilb of missis- 
sippi river, cairo to donaud80nville. 

Office Missibsippi River Combossiok, 

JwnelS,1891. 

Captain : I have the honor to sahnut the followmg report on a profile of tiie Mis- 
sissippi River, showing right bank and levees from Cairo to Donaldsonville; left 
bank and levees from Memphis to Yicksburg : mean high- water line 187^18S9; mean 
low-water Line, 1872-1889 ; the high water of 1882 and of 1890 : the low water of 1883 ; 
the lowest water during the period 1872-1890, and the mean high and the mean low 
water of 1881-1885. 

The mid-bank line was taken as the initial line for distances. This mid-bank Uno 
was conceived to be a line lying midway between the high- water banks of the river. 
In cases where the river was divided by high islands the line followed the main 
channel, being midway between the high-water banks of the island and the main 
river bank. 

In case of bars and low to^ heads the line was considered to be midway between 
the banks proper and often lay entirely outside of the low- water stream. 

The distances were laid off on this Ime with a pair of dividers taking 500 metre 
steps. For convenience in plotting, the stations were fixed at 1,000 metres, all the 
intermediate points being designated by l^e nnmber of station pins the number of 
metres from the preceding station. All points were projected onto the mid-bank 
line and their disuuice from the origin there determined. It is therefore apparent 
that where there are sharp bends, a short distance on this line will sometimes repre- 
sent a long stretch of concave bank, while a long distance on the same line will 
sometimes represent a very short distance of the convex bank. Therefore the pro- 
file does not show the locvl slojie correctly, but is correct as a whole. Locally sev- 
eral miles of bank may be represented on the profile by a very short line and the 
slope will thereby be very much exasgerated, or a short length of bank may appear 
on the profile as very mnch longer, nence there will apparently be ji lone distance 
with little or no slope. This is especially true of levees which run across tae narrow 
points instead of foDowing around near the river. 

In getting out the bank elevations, the field plots, showing all the elevations 
which had Been determined by transit or level, were carefully studied. From these 
the highest continuous ground line within the limits of the surveys was determined, 
and such elevations along this line were tabulated as are necessary to show the 
slo^ oi change of slope. It was not deemed essential to tabulate all of the ele- 
vations given on the field plots. This ground line was often a considerable distance 
from tiiie river in consequence of battures or other low land along the river front. 
In the case of cut-offs, as Devils Elbow, Commerce, Walnut Bend^ etc., the highest 
ground line lies along the old bends, wherein some cases the elevations have not been 
well determined. Where the elevations are ^ven, the points are projected on the 
mid-bank line, and a very long line of bank is represented on the profile by a com- 
paratively short line. Several mUes of the old bank may be projected into one point 
on the mid-bank line or the points may even overlap, hence the profile in such cases 
is largely a matter of judgment, as it cannot represent actual conditions. 

In general, however, the ground profile represents the trace on a vertical plane of 
the highest continuous ground line within the limits of the survey. 

It may be said that, except in cases of battures and cut-offs, this line lies near the 
river and often at its very edge. This is especially true below Red River, where the 
slope from the river back to the swamp is sometimes 15 feet or more per xnile. 

As the field plots show general conditions and features rather than minor details, 
there are of course a great many small ridges and depressions which are not shown 
and consequently not noted in the tabulation. 

From my experience in topographic field work I am satisfied that more elevations 
are determined on the higher ground than in the depressions, as the rodman is mach 
easier seen. Consequently there are a great many minor depressions which in the 
aggregate would permit the escape of a considerable amount of water which are not 
noted at all. 

The ground line plotted from the data will therefore be somewhat too high. 

The elevations of levee given refer to such levees as were in existence at the time 
the surveys were made and all other levees constructed up to February 1, 1890. 

The locations of the levees constructed since the general surveys were made as well 
as the grade lines have been derived from the district officers and the levee engineers. 

Below Wamnton the data as to levee grade line is not as full as it should Be. The 
Intervals between determined elevations are sometimes quite long and the profile of 
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the leTee is ahown as a straight line between snch points. This part of the line may 
therefore be regarded as a close approximation only. 

The eleTations of hi^h and low waters are snch as have been determined under the 
direction of the Commission, and are comprised in tables of ''high and low water/' 
on file in this office. 

The means for a period of ^ears which are shown by points on the profiles were 
derived from the gangs readings at the several gauge stations, where a continuous 
record has been kept. There is no data for intermediate points. 

The overflow on the left bank from Cairo to Memphis and Yicksbnrg to Baton 
Rouge being confined by the bluffs, which are generally near the river, may be con- 
sidered as merely local, and the elevations of the immediate river bank have there- 
fore not been tabulated. 

Respectfully submitted. 



Capt. Cari* F. Palfrey, 

Corp9 of Engineers, U, 8, A., 

Secretary MUeieeippi Hiver Commiasion. 



J. A. OCKERSON, 

U, S, AaeUtant Engineer, 
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TABULATED RESULTS, WTTH FIELD AND OFFICE REPORTS, OF DISCHARGE MEASURB- 
MSKTS ON THE MISSISSIPPI, OLD, AND ATCHAFALAYA RIVERS, 1887 TO 1889, 
INCLUSIVE, AND OF SOME EARLIER MEASUREMENTS NOT PREVIOUSLY PUBLISHED. 

[When not otherwise stated, resulte are derived firom final reduction at the office of the Moretaiy Ifia- 
sieeippi RiYer Conunission, 188»-'90.] 

CONTENTS. 

Mississippi Biver, Hays Landing, Miss., 1884 8488 

Mississippi Biver, Waterproof (^t-off, 1884 3488 

Old River, near mouth, 1882 8488 

Bayou des Olaises, Hamburg, La., 1882 8488 

Mississippi River, Arkansas City, Ark., 1887 3489 

Mississippi River, Arkansas City, Ark., 1889 3490-3494 

Mississippi River, Wilsons Point, La., 1887-*89 3495-3497 

Mississippi River, New Madrid, Mo., 1888-^89 ^ 3497-^3504 

Mississippi River, Helena, Ark., 1888-^89 3505-3511 

Mississippi River, Warrenton, Miss., 1889 3512-3515 

Mississippi River, Red River Landing, La., 1889 '. 3516-3519 

Old River, below TumbuUfe Island, 1»39 3516,3517,3520 

Atchafalaya River, Simmsport, La., 1889 3516,3517,3521 

Mississippi River, Carrollton, La., 1889 352^-3526 
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MEMORANDA TO ACCOMPANY TABULATED RESULTS OF FINAL REDUCTION IN 8ECBX- 
TART'S office, MISSISSIPPI RIVER COMMIS^ON, OF DISCHAROE OBSERVATIONS MADE 

on the mississippi river, at arkansas city, arkansas, 1889. 

October 26, 1889. 

The notes of these observations were received ;from the third district in May, 1889» 
for racompntation. 

A map of the locality, drawn to a scale of 1 :7200, accompanied the notes. This 
map shows the discharge section at apparently the same place as it was in 1884~'85y 
and also shows the arrangement of fixed signals on shore by which the sounding and 
velocity stations were located. The sounding stations were at intervals of 75 feet 
across the river, every fourth one being also a velocity station. The water's edge at 
each bank was located by measuring irom the section hub on that bank ; this also 
determined the river width for that day. 

All the velocities of this series were measured with the W. G. Price current meter 
No. 5 ; for a description of the Price meter and outfit see Report Chief of Engineers, 
1887, p. 2821. The chronograph slips did not accompany the notes; the registra- 
tions, however, had been counted in the field and recorded in the notes, and the 
results were adopted in this computation. The observer states that on Febroary 22 
and 23, no paper bein^ on hand, the revolutions of the meter wheel were fonnd by 
watching tne registering points. 

Three sets of rating observations were made with this meter at Arkansas City dur- 
ing the season. The results of reduction in this office by th« usual method, are given 
in the following table : 



Date of obsenra* 
tions. 


No. of 

observa- 
tions. 


a 


b 


Moan 

error of 

obserra- 

tiotts. 


Mean 

error of 

a 


Mean 

error of 

b 


Renuurki. 


Dec. 4. 1888 


12 
15 
22 


8.7989 
3.9921 
3.84^1 


-f 0.1953 


-t 0.280 


±0.121 
±0.109 
±0.075 


±0.215 
±0.185 
±0.145 


In mnnmg witer. 
Do. 
Do. 


Feb. 27, 1889 

March 27, 1889 


+0. 0187 
+0.0785 


±0.188 
±0.238 



These results were combined by weighting a and h inversely as the squares of the 
mean errors of a and b in each series, llie resulting equation, y. =3.8712 x -f- 0.0816, 
was used in computing all of the 1889 series of discharges at this station. 

(In 1884-'85 six sets of rating observations were made with this meter. The results 
are published in Report Chief of Engineers 1887, p. 2815. Also a set of rating ob- 
servations was made with this meter near Wilson's Point, La., July 4, 1889. The re- 
sults are published herewith.) 

The computations of areas of cross section were made and checled in the manner 
described at length in Report Chief of Engineers, 1887, pp. 2823 to 2826. There were 
no lead-line corrections and the soundings were taken directly from the notebooks. 

The discharges were found by the method described in the report accompanymg 
the final reduction in secretary's office of the Carrollton observations of 1883. ' In 
the present series, however, the meter was usually run at six-tenths the depth from 
the surface, and tor 150 seconds. 

The datum areas were computed in the following manner : Datum was asaimied at 
41.73 feet on the gauge; this was the elevation of datum in 1884-^85, and was adopted 
in this work in order to conveniently make comparisons between the different series. 
Datum width was taken as 3,395 feet. The width at .35.25 feet on the gauge was taken, 
as observed, as 3,373 feet ; at 29 feet as 3,363 feet, before February 15— aSber that date 
as 3,352 feet ; at 22.67 feet as 3,321 feet. The following formulas were used in com- 
puting the datum areas in which h represents gauge reading, and w observed width. 

Between 29 and 35.25 feet on the gauge: 

Datum area = (41.73-85.25)~-+— -^4- (35.25-^1)---^^^^^ area=21928 

H- (35.25 — h) ?— - -+ ^ater area. 



Between 22.67 and 29 feet on the gauge : 

SS7S -4- *.SS^>*^ *33.'>24-ir 

Datum area = 21928 + (35.25 --29) Z^ '- + (29 — A) * - ^ + w****' "''^ = 

*SSV -4- w 
42944 -f (29 — fc) — ^2" + ^***' ^^"^^^ 
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Below 22.67 on the gange : 



Datum area=42944-f (29— 22.e7)-:=^=^^^2=-+ (22.67 — fc) X y" + water 

3321 4- tp 
area == 64064 + (22.67 — h) ^^ — |- water area. 

The gange used was the Rtandard gauge at the elevator. The cauge inspectors' 
level notes of September 1, 1887, and October 4, 1S8I9, show that this gauee was 0.2 
feet too high, ana all the records between those dates have been corrected by addlog 
0.2 feet to each reading. The zero of this gauge is 116.44 feet above the Cairo datum 
plane, survey Mississippi River. 

The ganse readings given for days on which the discharge section was sounded 
correspona to mean time of observations ; for other days the mean daily reading is 
given. The rise or fall in preceding 24 hours is derived from the regular record. 

The maximum depths have been taken directly from the soundings. 

The direotion and force of wind have been copied from the notes ; the direction is 
indicated by the figures of a clo«k dial, XII o'clock being upstream and denoting a 
downstream wind, Yl denoting an upstream wind, etc. 

The figares following the direction evidently indicate the velocity in mUes per 
hour, as they agree with Trautwine's wind table, which had been copied into one of 
the notebooKs. 

The mean velocities, mean depths, mean datum depths, and scour and fill, have 
been computed in the usual manner. 

AccomxMuiying the tables are two plates ; on one is the map of the locality, and on 
the other the discluurge& areas, and mean velocities as abscissas, have been plotted to 
gauffe heights, and the datum areas and gauge record plotted to time abscissas. ()n 
the latter plate are also plotted two profiles of the discbarge cross section. 

*3363 was used prior to February 15, 1889. 
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MEMORANDA TO ACCOMPANY TABULATED RESULTS OF FINAL REDUCTION IN SECRE- 
TARY'S OFFICE OF DISCHARGE OBSERVATIONS, MISSISSIPPI RIVER, AT WILSON 
POINT, LOUISIANA, 1887-1889. 

All gauge readings at the discharge section are referred to the zero of Lake Provi- 
clence gauge. Datum was assumed at 41.83 feet, the same as in the observatious of 
1883-1&5. Datum width was taken as 3,565 feet for 1887 and 1888, and 3,646 fe<*t for 
1889. For the ^observations of 1887-'88 the first computation of water areas was 
cheeked by planimeter measurements, the sounding notes not being obtainable ; and 
the water widths were scaled from the plotted cross section. 

Tlie methods used in finding the other quantities tabulated have already been de- 
scribed in the memoranda accompanying the final reduction of discharge observa- 
tions of 1883-1885. 

The results of reduction in Secretary's office of observations for rating the meters 
that were used in observing velocities are given in the following table: 



Designa- 
tion of 
meter. 


Date and locality of rating 
obfterv-ations. 


berof 
obsei^ 
vations. 


a 


b 


Mean er- 
ror of 

obaerva- 
tiona. 


Mean 

error of 

a 


Mean 

error of 

b 


Not eiTon . 
Price, No. 5. 


Apr. la, 1887, Old River Lake. 
Apr. 23, 1887, Old River Lake. 
July 4, 1889, near Asbton, La . 


10 
15 
11 


4-L9ft21 
+ 1.8W1 
4-4.0704 


4-0. 3760 
4-0.3448 
4-0.0417 


+0.0«?,.'> 
±0.0671 
±0. 1735 


±0.0251 
±0.0145 
±0.0810 


±0.0832 
±0.0403 
±0. 1341 



Combining the results of April 18 and23; 1887, by weighting the constants inversely 
as the squares of their mean errors we have 

y = 1.9186 a; + 0.353, 

which was the equation used for reducing the observations at Arkansas City and 
Wilson Point, 1887 and 1888. 
The equation used for computing the discharges of July 3-5, 1889, was 

y = 4.0704 a; -f 0.0417. 
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extracts prom report by mr. e. c. tollinger, assistant snginebr, chief of 
party, upon discharge observations, mississippi river^ at wilson point, 
louisiana, jutly 3 to 5, 1889. 

United States Engineer Officb, 

AshUm, La,, July gS, 1889. 
• • • • • • • 

Outfit. — The launch (No. 3), meter (Price, No. 5), batteries, etc.. were the same as 
used at Arkaufias City, Ark., during the past season. A main tiuke to replace one 
broken off Febmory 22^ 1889. was put on the propeller on the 2d instant. Except 
under favorable conditions tne launch needs careful handling by men familiar with 
its eccentricities to insure safety. As will be seen below, the conditions were not 
fftYorable, but each unfavorable experience lessened the danger of its repetition. 

Party, — ^The party consisted of J. J. Hoopes (present by invitation) ; E. C. ToUinger, 
assistant engineer; Bird well, pilot ^ Tupper, steam engineer; Jas. H. Bryan, leads- 
man ; and a nreman. The registrations were counted by the assistant ennneer ; the 
time noted and announced and the meter lowered, etc.; by the leadsman. The assist- 
ant engineer and the leadsman were familiar with tiie work, the launch, etc., but 
the remainder of the crew were not familiar with either. 

Stage of water, — ^The rise had reached its highest point on the 1st instant, the gauge 
reading * 29.40. Our observations were made therefore on the first 3 days of the fiUl. 

Other oenditMM, — Considerable drift was moving throughout the period covered 
by onr observations. 

XooaUen. — ^The discharge section was at Wilson Point, La, and on the same t line 
used by Mr. Arthur Hider, United State assistant engineer, in 1887, but was some- 
what lengthened by caving on the Louisiana side. The same ranges were used except 
th$kt one was added on the Louisiana shore. 

ObservaiiouM. — ^The soundings were taken from skiff launched to th^ starboard side 
of the launch, and fh>m the Louisiana to the Mississippi shore. 'Diey were taken 
at the stations, and half way between stations. The current was so strong and the 
water so deep that quite a number of drifting soundings had to be made. 

VeXodtieB, — ^The observations of the velocities were made at the stations, andfh>m 
the Mississippi to the Louisiana side. 

The meter boom was first lowered at a horizontal angle of 45 degrees with the launch, 
but was afterward worked directly astern in the deeper water, and the boom to 
which the guy rope was attached pointed about directly forward. This course 
lessened the daneer of breaking the lorward boom and lessened the liability of the 
current pulling tne meter cord off of the well wheel attached to the main boom. 

The meter weight was not heavy enough to sink it to the original depth [six-tenths 
from the surface] in the deepest and swiftest water; two or three stations were 
therefore tJaken at mid-depth. • * * 

Bating the meter, — ^The meter was rated on the evening of JxQy 4. in still water, 
just above the fleet near Ashton, La. The water being still, all tne* observations 
except one were, for convenience, made in the same direction. The length of base 
was 300 feet. • • • 

Cap^ Wm. T. Rossell, 

Cerpe of JSngineers, U, S, J. 

Memphifi, Tenn, 



extracts from report by MR. WM. GERIG, ASSISTANT ENGINEER, OHIBF OF PARTY, 
UPON DISCHARGE OBSERVATIONS, MISSISSIPPI RIVER AT NEW MADRID, MIS8SOURI, 
1888-^89, AND UPON THE OFFICE COMPUTATION. 

Memphis, Tenn., September 5, 1889. 

Tlie party at this station ccmHiHted of one assistcant engineer, one steam engineer, 
one steersman, and two boatmen. . 

Observations were made upon two sections about 1^ miles apart. The first was 
called the high-water section and was about 5 miles below New Madrid. At the end 
of the section on the right bank a base line 4,829 feet long was measured nearly at 

* 33J23, referred to the sero of the Lake Providence gauge. (Secretary Mississippi 
Biver Commission.) 

t This is apparently also the line used for discharge section during the observa- 
tions of 1883, 1884, and 1885. (Secretary Mississippi River Commission.) 
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Tif;ht angles to the section. On each hank a scrif^s of radial signMs was set, deter- 
mining lines which intersected the section at points 300 feet apart called velocity 
stations. Signals were also set on the section to determiuo the river width : the dis- 
tance between these .signals heins 6,063 feet. Distances &om the water^s edge to 
tbese signals were observed each day which determined the river width. In the 
system of intersecting ranges, on the right bank, the pivot signal was 5,302 feet 
from the section and a perpendicnlor tnm it intersected the section 1,084 feet from 
signal B on the prolonged section. The other sienals were placed between the pivot 
signal and section and on the base line. Secon&ry signals were set between them 
to locate the soundings. 

As the lower sta^ of the river were reached in December, several undesirable 
features devoloped in the high-water section, the presence of bars near both banks 
made the water too shallow to allow the launch to be used, and caused the current 
to be deflected toWard the middle of the river so that it was no longer normal to the 
section ; as the water continued fiftlling the bars appeared and a pocket was formed 
near the left bank in which there was no current. It was decided therefore to change 
the section and a low-water section was located about 1^ miles above the high- water 
section. 

The manner of locating velocity and sounding stations was similar to that of the 
high-water section. The points at the end of this section were designated Z and X 
and the distance between them was 4,141.8 feet. The pivot signal was on the left 
bank and at a perpendicular distance from the prolonged section line of 1,638 feet; 
the intersecting point was 1,147 feet from X, the minimum angle for locating the 
section being 30° 45'. 

The river rose in January, and on the 19th the high-water section was occupied 
and used till February 13, and then the low- water section till February 22. 

The instruments in use consisted of Price meter No. 10, a Morse register, a break 
circuit clock, electric batteries, transit, level, sounding leads, lines, etc. The meter 
was the well known Price meter which has been in use on the river for severs! 
years. • • • Xhe meter gave no trouble except once when the gutta-percha 
which made the break had worn down sb that the electric current was not broken. 
The gutta-percha was removed as well as the other pieces which held it in position, 
and then the conta<it was made on the remaining half -of the axis. • • * 

Much trouble was caused by the clock, which was a very old one and was fre- 
quentlv out of repair, at which time a watch was used, the time of beginning being 
marked on the ribbon with a pencil and also that of ending. * • * 

The meter circuit was made through a steel sash cord on which the meter was 8u»- 
pended, and through an insulated copper wire which was paid out with the sash 
cord. A 15-pound sounding lead and a three-eighths inch cotton line were used 
throughout the season. 

Drifting soundings were taken during the highest water, but generally soundings 
were taken without drifting, since the maximum depth was about 30 feet. * * • 

The met^r was suspended from a boom 12 feet long at the st^m of the laimch, 
the boom proieoting over the side and making an an^le of about 60^ downstream with 
the axis of the launch. A steel sash cord, three-sixteenths of an inch in diameter, 
passed around a reel in stem of laimch, through a small puUy in the end of boom, 
thence to an iron rod 1 inch in diameter and 2 feet long. To this rod the met^r was at- 
tached and also a lead weight of about 50 pounds. Attached to the top of the rod 
was a fine steel piano wire which passed throuj?h a pulley in the end of a 20-foot 
boom in the bow of the launch and tnence to a reel. By paying out proper lengths 
of standing and guy lines, the meter could be immersed to any desired depth. * * * 

The coefficients to be used in reducing the registrations of the meter to velocity 
in feet per second were determined l)y causing the meter to move through still water 
over a known distance at various velocities, the time and number of registrations 
being noted. A float was anchored in still water upon which a beam was revolved 
at the end of which the meter was attached. The beam was of such a length that 
in making one revolution the meter traversed 100 feet. The meter circuit was made 
from the battery to the stand on which the arm was revolved, thence to the meter, 
thence back by a copper wire through the register to the other pole of the battery. 
The clock circuit was so airanged that when the revolving arm arrived at a certain 
point the circuit was made and the time registered untU the arm had made a revola- 
tion when the circuit was broken and the time ceased to be recorded. This was 
done by a small brass arm extending up so that the revolving arm could touch it 
and move it till it touched another piooe of brass or nickel and thus made the con- 
nection. By this method time of beginning and ending could easily be measured 
to one-twentieth of a second if the connection was made during the half second 

Note. — ^For a full description of the meter and outfit and the methods of oompa- 
tation, see Annual Report Chief of Engineers, 1887, pp. 2821-3. (Secretary Mis- 
sissippi River Commission.) 
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when the circuit was made, otherwise it could only be measured to the nearest 

half second. The revolution of the meter could be measured equally as accurately. 

« # * 

The rating observations were reduced by the method of least squares. The fol- 
lowing are Sie results of the rating of the meter which were adopted for use : 



Date. 



November 23, 1888. 
April 17, 1889 



No. of 

obse.rvft- 

tlona. 



3,860 
3,920 



4-0.215 
+0.100 



Mean er- 
ror of 

obeerva- 
tiuD8. 



±0.018 
±0.020 



A number of ratings were made, but rejected on accomit of large errors which 
were due to the swivel not turning on its axis in changing the direction of the revo- 
lution of the arm, and thereby causing the revolutions of the meter to be retarded, 
and also that the brass connections upon which the arm revolved were nearly worn 
out, so that false registrations were made. On April 17 ail these errors were elimi- 
nated and the results are verj^ accurate. 

The formxQss used in reducmg were, till December 31, 1888, 

y = 3.86 a? -f 0.22, and afterward y = 3.92 x + 0.10. 

The lead line was tested every morning before using, and corrected by retagging 
if in error. It was also tested at close of work and errors, if any, compensated by 
correction of soundings. 

The number of seconds that the meter continued to spin was noted before and 
after each day's work, and the mean recorded. * * * 

In the final reduction the widths were calculated and the soundings plotted on 
cross-section sheets, as were also the velocities. The velocities were reduced by the 
formulffi adopted and recorded in the note books. The "total area was dividted'^ into 
partial areas of 500 feet width ; these partial areas were calculated by counting the 
squares and were multiplied by the mean velocities of the partial areas which were 
taken from the cross-section sheets. The product was the partial discharge, and the 
sum of the partial discharges gave the total discharge, and this divided by the total 
area gave tne mean velocity. The counting of the registrations was aone in the 
field and checked after each day's work. 

The measurements for velocity were taken at six-tenths depth. The length of the 
observations varied ftom 150 seconds to 300 seconds, though generally the duration 
was 150 seconds. The computation of velocities ttom the given times and registra- 
tions was performed by means of the tables prepared for &e purpose. The results 
of computation were copied in a tabular form accompanying this report and also 
into the note books. 

The gauge readings correspond to the mean time of observation. The gauge was 
read at the time of be^ning and ending of each day's work which was about 8 a. 
m. and 4 p. m. The rise or fall in 24 hours is the difference in the mean gauge read- 
ing for that day and the preceding one. 

Thi* computation of datum areas has been made in the following manner : For the 
high- water section the datum was assumed to correspond to the gauge reading of 
25.6 feet. The datum width was taken as 5,967 feet, that being the measured width 
and gauge reading on February 27, 1889. The slope of the banks down to 20 feet on 
gauge was uniform, also from 20 feet to 10 feet and below 10 feet, and the datnm 
areas have been computed by the formula : 



Datum area = (25.6— /», -^^'^ +J?. 



-f water area, where h = gauge and w = width. 



The formula between 20 feet and 10 feet on gauge becomes : 

Datum area = (25.6 -- 20, ??5^l + ^^??-+ (20 — h) ^^±-^ + wator area 

2 2 

= 3331^ + (20 — k) 5?^ i^- -f- water area^ 
2 

in which 6930 feet is width at 20-foo.t stage. 
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For stages below 10 feet the formula is : 
Datum area = 38312 + (20— 10) ^^l+J^?L + (10— h) ^?+??- + water 

4B JS 



= 9206.2 -h (10 — k) ^^^ + ^ + water area. 
2 

The low- water section datum was assumed as the surface of the water on January 
18, the gauge reading being 21.62* The width on that day was 4,023 feet, which was 
taken as the datum width. The slope of the banks change at 20 feet, )& ^set^ and 10 
feet stages, and the widths at these stages are 4,009, feet, 3,966 feet, and 8^911 feet. 
The formula used is : 

Datum area=(21.62 — k)*^±^+water ana. 
Between stages 15 feet and 20 feet the formula becomes : 

Datum area= (21.62—20) ^^^+^^-}. (20— ») ^^^. + water area 

jS 2 

=6506 + (20— fc) + *??|i^ 4- water area. 

Between 15 feet and 10 feet: 

Datum area=6506+(20—16)J^-^:^^+(15—fc)^5|±??-f water area 



=26441 4- (15— k) ???yi^ -f water area. 



Below 10 feet: 



Datum area=r^ 26441 + (15— 10)^^+-^ii -»- (10 —k) ??Al-"t!? + water area 

2 2 

= 46131 4- (10— ») ^^+!£-f water area. 

Mean depth has been obtained by dividing the water area by the width, and mean 
datum depth has been obtained by dividmg the datum area bv the datum width. 
Maximum depth was taken directly from the notes. Scour or fiU has been obtained 
by taking the difference of the datum areas; scour is indicated by the positive sign. 

The direction of the wind is indicated by dividing the hoiiaon into twelve parts, 
and numbering the parts the same as the hours on a clock dial, XII being upstream 
and indicating a downstream wind. 

A plot has Men made with the mean velocities and discharges of both sections i^ 
ordinates, and the gauge heights as absdssas. The scales for each system are shown 
on the plot. • ♦ • 

Herewith also find a tracing showing the location of the sections. 

The entire work has been checked in various ways, and great care has been taken 
to eliminate all errors of computation. 

Capt. Smith S. Leach, 

Corp9 ofEngineerB, U, 8. JL 
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EXTRACTS VBOM REPORT OP MR. C. W. 8TURTEVANT, ASSISTANT ENOINEBR, CHIEF OF 
PARTY, UPON FIELD WORK OF DISCHARGE OBSERVATIONS, MISSISSIPPI RIVER, AT 
HELENA, ARKANSAS, 1888-'89. 

Memphis, Tenn., July g9, 1889, 
• •••«•• 

The obeervations were taken from November 28, 1888, to May 2, 1889, incloBive, 
npon a section located near the positions of former sections used in 1882 and 1884, 
and normal to the axis of the current. 

Observations for velocity were taken 200 feet apart, and soundings 100 feet apart, 
from station to station 22^, where the slope of the river bottom was uniform. Be- 
tween stations 22^ and 25 the bottom was uneven and of steep slope, and soundings 
were taken 50 feet apart. The section was purposely located to pass taiigent to 
and on the south side of the smokestack of the new cotton compress in South 
Helena. 

The Arkansas end of the section is 1,042 feet below the upper edge of the elevator 
and was farther marked bv signals on the bluffs and at river bank. 

The Mississippi end of the section is about 50 feet south of the narrow gauge rail- 
way, and marked by two sij^nals 700 feet apart. 

In the system of intersecting ranges the back or pivot signal was 5,397 feet above 
the section, and a perpendicular irom it intersected the section at station 23, or 
abont 350 feet from the Arkansas shore line, the front signals being so placed as to 
make the ranges intersect the section at each velocity station, or every 200 feet. 
The Fi^"'™"™ angle used in locating a station was 50^ 49', these acute angles being 
for stations near the Mississippi shore, and at the shallowest water, the angles be- 
ing90^ in the deep and swifb water. 

The shortest distance between the pivot and a front signal was 700 feet on station 
1, the entire length of this range beiug abont 7,000 feet. The front signals were 2 feet 
wide, and if the launch should have moved off of ran^e 10 feet it would be indicated 
by the front signal bein^ half out of line with the pivot sigpal, and this could be 
easily noticed, and in fair weather one-fourth width of front signal out of line could 
be detected ; i. e., in fair weather it could be detected if out of range 5 feet at station 1. 

The longest distance between the pivot and a front signal was on range 25 ; the 
entire length of the range being about 5,400 feet and distance between signals 2,200 

feet, -oT ^* ^v i width of signals = 1^ feet, therefore, the launch at station 25 

could be located to the nearest 2^ feet, and station 1 to the nearest 10 feet, and at 
intermediate stations according to their location between station 1 and station 25. 

The instruments used consisted of the Price meter No. 8, a break circuit clock, 
Morse register, relay sounder, seven electric battery cells, transit, and level. 

The plant was worked from the United States steam launch No. 7, the meter being 
suspended from the end of an 11-foot boom projecting over the stem of the launch, 
ana so fixed as to work on either side or behind. On the side and at the rear end of the 
boom were bolted two pulley wheels over which were run the three-srcteenths-inch 
steel sadi cord (on which the meter was suspended) and the insulated return circuit 
wire, both wires being paid out side by side and at the same time. The diameter of 
the reel where the wire was wound was increased by wrapping with leather, so that 
the wire had more slack than the sash cord, thus relieving the wire of any ertra 
strain. 

Attached to the meter rod was a piano wire which ran over a pulley on the end of 
a 20-foot boom placed over the bow of the launch, thence to a reel, this guv being 
necessary to hold the meter directly under the end of the after boom, so that the 
number of feet of sash cord paid out (after the meter left the surface of tiie water) 
would be equal to the depth of the meter below the surface. 

The detauB of the field work for a discharge observation are as follows : Tested 
lead line, whirled meter by hand, and noted number seconds required to come to rest. 
Chief of party read gauge to nearest 0.01 of a foot. Then crossing river to Missis- 
sippi shore noted distance of water's edge. Anchored at first station, leadsman 
sounded, recorder lowered meter 0.6 of depth, and took the velocity, the meter boom 
being swun^ on the starboard side, raised meter out of water, hauled up anchor, 
took sounding at the half station, then anchored at the next station, continuing iu 
this way until the water became 20 feet deep. Then the rest of the section was 
sounded without taking any observations for the velocity, each sounding being taken 
while launch was drifting with current; noted distance of water's edge Arkansas 
shore. Betumed to first station at which no velocity was taken, meter lowered into 
water and not taken up until remaining stations had been occupied for velocity, 
the after boom being swung straight behind, and drift had to be very bad indeed to 
cause any trouble. At this the chief of party would leave the wheel to the leads- 
man and stand on the starboard side of the engines and give his attention to the po- 
sition of the launch as held on the station by the engines and the rudder. 

ENa 91 220 
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By this method the party could do the work, if necessarv, with one less num and 
save one-half hoar in time. After the velocities were all taken the gauge was read as 
before, lead line tested, and meter whirled. 

• •••••• 

The length of an ohserration for velocity was generally 160 seconds, unless the 
engineer should not he exactly on range; then the observations would be continued, 
or m case of whirls or other irregularities it was thought best to lengthen it. 

A table was constructed from the meter rating taken at Amelia in October, 1888, 
from which all velocities were taken out during the season's work. 

The constants used were a = 3.78, 6 = 0.17, while the values as used in the final 
computation* were, a = 3.87, 6=0.27, taken from meter rating No. 3, December 30, 
1888, at Helena, Ark. The other ratings taken at Helena were of no value. 

In the final computation the discharge section has been divided into 13 partial 
sections, each 400 feet in width, except the ones at each end ; each even station be- 
ing at the dividing line of two sections and each odd station in the center of a sec- 
tion. 

Gapt. Smith S. Leach, 

Corj^B of Engineere, U, S, A. 



f 



EXTRACTS FROM REPORT OF MR. WILLIAM OERIO, AflSISTANT ENGINEER, T7PON OF- 
FICE REDUCTION OF DISCHARGE OBSERVATIONS, MISSISSIPPI RIVER, AT HELENA, 
ARKANSAS, 1888-'89. 

Memphis, Tenn., February SO, 1890. 

The coefficients to be used in reducing the registrations of the meter to velocity in 
feet per second were determined by causing the meter to move throus^h still water, 
over a known distance, at various velocities, the time and number of registrations 
being noted. 

The rating observations f were reduced by the method of least squares. » * • 
In the final reduction the widths were calculated and the sounding plotted on cross- 
section sheets, as were also the velocities. The total area was divided into partial 
areas, and these were calculated by counting the squares, and were multiplied by 
the mean vtilocit4e8 of the partial areas which were taken from the cross-section 
sheets. The x)roduct was the partial discharge, and.the sum of the nartial discharges 

ave the total dlbcharge, and this divided by the total area gave tiie meaii velocity 

he counting of the registrations was done in the field and checked. The results of 
computation were copied in a tabular form accompanying this report and also into 
the note books. The gauge readings correspond to the mean time of observation. 
The gauge was read at the beginning and ending of the day's work. The rise or 
fall for 24 hours is the diiference in uie mean gauge reading for that day and the 
preceding one. 

The computation of datum areas has been made in the following manner: The 
datum was assumed to correspond to the gauge reading of 32.32 feet; the datum 
width was taken as 4,818 feet, that beins the measured width and gauge reading on 
March 2, 18K9. The dope of the banks down to 21 feet on gauffe was uniform ; also, 
from 21 to 19 feet, from 19 to 13 feet, and below 13 feet, and t^e datum areas have 
been computed by the formula : 

Datum area i= (32.32 — h) — g + water area, where h = gauge and w = width. 

The formula between 21 and 19 feet on gauge becomes — 

4818 4-4700 4700 -f if 

Datum axea = (32.32 — 21.00) f -}- (21.00 - h) -^^31—+ water area 

4700 + 10 
= 63872 + (21.00— h) ^^^— + water area, 

in which 4,700 feet is the width for 21>foot stage. 

* See Mr. Gerig's report herewith. 

t For date of observations, etc., see Mr. Sturtevant's report herewith. 
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For stages between 19 and 13 feet— 

T. 4^ ro«^o . /01 .^. 4700 -h a392 , ... _^3392 + w , 

Datum aTea=:53872+(21 — 19) ^ h (19 — fc) ■ ^ (-water area 



= 61964 -f (19 — h) "^^^ + water area, 

in which 3,392 feet is the width at 19-foot stage. 
For stages below 13 feet the formola becomes — 

Datum area = 61964 + (19 — 13) ^^^"^^^ -f (13 — h) ^^^^ + ^ater area 

= 80255 4- (13 — fc) ^^^|i^ + water area, 

in which 2,705 feet is the width alv 13-foot sta^e. 

The mean depth has been obtained by dividing the water area by the width, and 
the mean datam depth has been obtained by dividing the datum area by the datum 
width. Maximum depth was taken directly from the notes. Scour or fill has been 
obtained by taking the difference of the datum areasi scour indicated by the posi- 
tive sign. The direction of the wind is indicated by dividing the horizon into 12 
I>arte and numbering the parts the same as the hours on a clock dial, YTT being up- 
stream and indicating a downstream wind. 

The entire work has been checked in various ways and great care has been taken 
to eliminate all errors of computation. 

* * » • # • • 

Capt. Smith S. Leach, 

Carps of Engineers, U, S, Am 
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MBMORAKDA TO ACCOMPANY TABULATED RESULTS OF PINAL REDUCTION IN SECRE- 
TARY'S OFFICE, MISSISSIPPI RIVER COMMISSION, OF DISCHARGE OBSERVATIONS, MIS- 
SISSIPPI RTVER, AT WABRENTON, MISSISSIPPI, 1889. 

The dischaTge section was located by Mr. John Ewens, assistant engineer, Jan- 
nary 31, 1889^ and the discharge observations were made by Mr. Thomas Dailey. 

A sketch received, with copy of field notes, shows the section to have been 2,800 
feet downstream from the landing at Warren ton, and apparently about 200 feet 
above the upper discharge section of 1885 and oblique to it. A local gauge was es- 
tablished, and is shown on the left bank at the mouth of a bayou about 1,200 feet 
upstream from the discharge section, and is stated to have been set at precisely the 
same reading as the gauge at Vicksburg, February 11, 1889, at 11 a. m., viz, 32.85 feet. 

Mr. Ewens reports, referring to this local gauge, ''A temporary bench was estab- 
lished from this for future reference. There was no data at hand for direct connec- 
tion with survey Mississippi River." 

Datum line in the tabulation is taken at 33.50 feet on the local gauge. Datum 
width is 3,470 feet. The datum areas were computed ftom readings of this gauge, 
except for May 29 and 31, when it was disturbed and the Vicksburg gauge readings 
were used. Up to that time the readings on both gauges agreed closely. The zero 
of the Vicksburg gauge is 66.04 feet above the Cairo datum plane, survey Missis- 
sippi River. 

The sounding and velocity stations were coincident, and were located by means 
of fixed signals on the left bank. The distance between stations was mainly about 
150 feet. At stations nearest the right bank velocity observations were omitted for 
a large number of diys, the number of omitted stations varying from 1 to 6, in- 
creasing as the river roll. It is stated that owing to low water the launch could 
not reach the stations. The soundings at the omitted stations were from 1 to 16 
feet. 

The velocities adopted for these stations were obtained by using as a correction 
the mean difference oetween each station and the preceding station, derived from 
days on which both stations were observed ; but at stations 23 and 24 no velocities 
had been observed, and the mean f^m curves of March 12 and 14 pro<luced were 
adopted, velocities at stations 22 or 21 having been observed only on those dates. 

The Price current meter No. 22 was used in measuring all velocities at this station 
during the season : the notes of two sets of rating observations were received, and 
the results derived from reduction in this office by the usual method are given in the 
subjoined table : 



Designation 
of meter. 


Date and locality of rating 
obaervatlona. 


No. of 
obaer- 
vations. 


a 


b 


Mean er- 
ror of 

observa- 
tion. 


Mean er- 
ror of 
a 

±0.064 
±0.30 


Mean er- 
ror of 
b 


Price meter C 
No. 22. I 


February 26, 1889, not atated . 
April?, 1889, Centennial Lake 


•8 
*8 


4.0226 

3. 8934 


-f-0.2911 
-HO. 31698 


±0.127 
±0.059 


±0.088 
±0.046 



* In running water. 

The above results were combined, giving weight to the values of o an<l h inversely 
as the squares of their mean errors in the two series and the resulting equation, 
y = 3.917 X -|- 0.3114, was used in computing all the discharges. 

The time meter was run at each velocity station varied from 1 to 6 minutes, but 
was usually 5 minutes. 

The observer reports that on April 20 the vane was broken oft* of the meter, and 
when soldered on again it was not exactly in line with the meter wheel j on May 8 
a re-rating of the meter was made, the notes of which have not been received. The 
ratings of February 26 and April 7 only were used, the district engineer in charge of 
the field work having so recommended, since the rate of the meter was believed not 
to have been changed and the observatitms for a re-rating were unskillfully made. 

In computing the discharges of this series, since the sounding and velocity stations 
were coincident, the mean of the velocities observed or adopted at two consecutive 
stations was taken and applied to the area between tbeui. To make this result agree 
more closely with that which would have been obtained by using the prismoidal 
formula, an approximate correction was computed and applied for each day ; this cor- 
rection varied from to -f- 240 cubic feet. 

The other quantities tabulated have been found in the usual manner as described 
in previous office reports. « 

A plate has been prepared showing the mean velocities, areas, and discharges 
plotted to gauge heights and the gauge readings and datum areas in chronological 
order, also two cross-section profiles o? the river. 

Office Sbcrktabt Mississippi RivER Commission, 

September, 1890. 
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MEMORANDA TO ACCOMPANY TABULATED RESULTS OF FINAL REDUCTION IN SECRE- 
TARY'S OFFICE, MISSISSIPPI RIVER COMMISSION, OF DISCHARGE OBSERVATIONS, 
MISSISSIPPI RIVER, AT RED RIVER LANDING, OLD RIVER BELOW TURNBULL ISLAND, 
A.ND ATCHAFALAYA RIVER AT SIMMSPORT, 1889, 

The observations were made under direction of the fourth district engineer by 
Mr. J. F. Coleman. 

Tlie location of the Red River Landing discharge section was the same as that of 
1884-'85, which is 100 feet below the section used in 1881-'82. 

Tlie sounding and velocity stations were coincident, and were located by means 
of fixed signals on shore. The distance between stations varied from 80 to 172 feet, 
but across the greater part of the river was about 170 feet. 

On and after January 27 velocity stations were omitted at every other station over 
a large part of the river, and sometimes at two adjacent stations. Velocities foi 
these omitted stations were interpolated for the computation from the nearest sta- 
tions at which velocities had been observed. 

On May 13 and 15 an upstream eddy is noted at first station from the right bank, 
and since the velocity is not afterwards recorded at this station, it is assumed as 
zero in the computation of discharge on and after May 13. 

Tlie length of time that the velocity was observed at a station varied from 1 to 6 
minutes, but was generally 5 minutes. 

The gauge (Red River Landing) was read at 8 a. m. and 4 p. m., and the mean 
(except in three cases where a single reading is taken) is given in the tabulation 
an<l was used in computing datum areas. 

Tlio (latum line is taken at 48.50 feet on the gauge, that being the high-water 
readin*; of 1882, and is the same datiun as used in the two other series of discharge 
observations at this station. 

Datum widths and corresponding gauge heights used in computing datum areas 
are: Datum width, 3,918 feet at 48.50 feet, 3,888 feet at 34 feet, and 3,800 feet at 24 
feet. 

The Price current meter No. 23 was used throughout the season at this section; 
also in the Old and Atchafalaya rivers. The not«8 of only one set of rating obser- 
vations have been received, and the results derived from reduction in this office by 
the usual method are as follows, and have been used in computing the discharges at 
the three stations: 



Designation of 
meter. 


Date and locality of 
rating ol^servationa. 


No. of 

obser- 

vatiuns. 


a 


h 


Mean 
error of 
observa- 
tion. 


Mean 
error of 

a 


Mean 

error of 

6 


Price meter No. 23... 


February 20, 1889... 


•U 


4.1091 


+ 0.298 


J:0.089 


db 0.034 


i: 0.047 



* In running water. 

The observer frequently tested the action of the meter by notine the number of 
registrations it would make after turning the wheel briskly with the hand, and 
states that the rate thus indicated was practically constant. 

The computations of the discharges were made in the same manner as for Warren- 
ton, described on page 3512; the corrections applied to the computed results are: 

Mississippi River, to -f- 1,090 cubic feet. 

Old River, to -f 90 cubic feet. 

Atchafalaya River, to -{- 400 cubic feet, except 1 day 900 cubic feet. 

The discharge section in Old River is about 1,500 ieet below the foot of Tumbnll 
Island and about 500 feet above the discharge section of 1884-'^. 

The sounding and velocity stations were coincident and were located by means of 
fixed signals on shore : the distance between stations varied from 60 to 90 feet. 
Datum line is taken at 33.85 feet on the Red River Landing gauge. The methods of 
redncti(m are the same as those used for the Red River Landing section. The length 
of time velocity was observed at each station varied firom 2 to 5 minutes, but was 
generally 2 minutes. 

The discharge section in the Atchafalaya River is at Simmsport. The velocity and 
sounding stations were coincident and were located by means of fixed signals on 
shore; the distance between stations varied from 64 to 139 feet. Velocity observa- 
tions at the first and last stations were omitted on several days ; probable values for 
these, derived from observations of other days, were adopted in the computation. 
The notes state that when the velocity of the river is low and there is much wiJnd, 
as was the case January 21, that the launch was almost unmanageable, and in con- 
sequence the observations for such days were not very accurate ; Throughout the sea- 
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SOB it is noted seyeral times that owing to strong upstream wind no observations 
could be made. 

The length of time velocity was observed at each station varied from 1 to 5 min- 
uteSy but was generally 2 minutes. 

The methods of reduction are the same as those used for the Red River Lauding 
section. The Simmsport gauge was read apparently ^t the time of discharge obser- 
vations ; these reading are given in the tabulation and are used in computing datum 
areas. The jsero of this gauge is reported to be 24.17 feet above the Cairo datum 
plaue, survey Mississippi River, but is to be again connected with that datum. 

The datum line is taken at 32.30 feet on the Simmesport gauge, and datum width 
at 885 feet. In computing datum areas from April 16 the width for 27.40 feet on the 
gauge is taken at 800 feet. ^ 

The results of the Red River Landing section are shown on a plate arranged in the 
usual way, the mean velocities, areas, and discharges plotted to gauge heigh t<4, siu<l 
the datum areas and gauge readings in chronological order ; also two cross-section 
profiles of the river. 

Office Secretary MismssiPPi River Commission, 

September, 1890* 
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MEMORANDA TO ACCOMPAKT TABULATED RESULTS OF FINAL RBDUCTIOK IN SECRE- 
TARY'S OFFICE, MISSISSIPPI RIVER COMMISSION, OF DISCHARGE OBSERVATIONS^ 
MISSISSIPPI RIVER, AT CARROLLTON, LOUISIANA, 1889. 

The observations comprise a high-water set and a low-water set at the same sec- 
tion, and were made nuder direction of the fourth district engineer by Mr. L. Lie 
Sassier and Mr. B. J. Oliveira. 

The discharge section is shown to be at the same place as the discharge section of 
1883. but slightly oblique to it. The discharge section of 1884 and 1«S5 is about 
1,500 feet below that place. 

The sounding and velocity stations were coincident and were located by means ctf 
fixed signals on shore ; there were 17 stations in the high- water set; in the low- water 
set the number were reduced to 13 by omitting stations 2, 4, 5, and 8. 

The intervals between stations ranged from 30 to 280 feet and 30 to 285 feet, 
respectively, in the two sets. 

On 27 days velocities were observed but no soundings taken, and for these days 
soundings were interpolated from the two nearest days^ on which soundings were 
observed, proportional to time and with proper correctiou for change of stage. 

The length of time velocity was observed at each station was generally 2 minutes, 
but varied from 1 to 6 minutes. 

The Price current meter No. 25 was used for measuring all the velocities; it is re- 
ported that the meter was rated during the high-water series and again at the close 
of the low water series; the computed values of *x and ty from the latter set of rat- 
ing observations have been received and are reduced by the usual method; the re- 
suiting values of the constants, as given in the following table, have been used in 
reducing all the discharges. 



Designation 
of meter. 


Date and locality of rating obter- 


Ii 

1' 


a 


b 


Mean 

obeervar 
tion. 


Meaner, 
rorof a 


Meaner^ 
tor of b 


No. 25. 


Deoember 18, 1889, near Carroll- 
ton, La. 


5 


8.99 


+0.896 


dbO.118 


^0.081 


j:0.1Q3 



The regular Carrollton gauge was read at about 10 a. m. and these readings are 
ffiven in the tabulation and used in computing datum areas. The zero of the gauge 
IS 20.91 feet above the Cairo datum plane, survey Mississippi River. 

The datum line is taken at 13.54 fe^t on the gauge, that being the assumed datum 
for the 1883 series ; this was also datum line of 1884-^85 series. 

Datum width for the high-water period is taken at 2,400 feet and for the low- water 
period .at 2,450 feet; for the latter period the widths corresponding to 7.60 and 5.30 
feet on the gauge are taken at 2,399 and 2,347 feet, respectively. 

The discharges were computed in the same manner as for Warrenton, described on 
page 3512; the corrections applied to the computed results vary from to -(- 785 
cubic feet. 

A plate has been prepared showing mean velocities, areas and discharge^ plotted 
to gauge heights, and the datum areas and gauge readings to time abscissas; no 
areas derived from interpolated soundings are plotted. Two cross-section profiles 
are also shown on the plate. 

Office Secretary Mississippi River Commission, 

Septembetf 1890, 



* Registrations per second. t Velocity in feet per second. 
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Appendix G 6. 

TABULATED RB6ULT8, WITH FIBLD A^D OFFICE REPORTS, OF DISCHARGE MKABUXE- 
, MBNT8 ON THE MISSISSIPPI AND ATCHAFALAYA RIVERS AND BATOU LA FOURCHE, 
1890. 

[When not otherwise stated, results are derived Arom flnsl reduction at the office of Um Secretary 
Mississippi Kiver Commission, 189i>-'»].l 

CONTENTS. 



Pace. 

Hinsiflsippi Kiver, Wi Ibou Point, La 352« 

CreviwAe, Sic ipwith. Miss 8630 

MisHissippi Kiver, l^'ew Madrid, Mo 3631 

, " " Pium Point, Mempliis 

^ and Helena (field rep's) 3532 

Plum Point 3534 

Memphis, Tenn 3635 

Helena,Ark 3636 

Arliansss City, Ark. . . . 3537 

Warronton.Miss 3538 

Natches, Miss 3538 



Pwe. 

M ississippi River. Baton Ronge, La X38 

•• Red River Landins, La. 8539 

A tohafslaya River, Simmsport. La 8540 

Bayou La Fourche, Donaldsourille, La 8540 

Mississippi River, CarroUton, La 8541 

APPENDIX. 

Crevasses, third district 8543 

fourth district 3545 

St. Francis Basin 3546 



MEMORANDA TO ACCOMPANY TABULATED RESULTS OF FINAL REDUCTION OF DIS- 
CIIAHQE OBSERVATIONS MADE AT WILSON POINT; LOUISIANA, AND AT BREAK IN 
V, 8KIPWITH LEVEE, MISSISSIPPI, 1890. MR. F. P. SPALDING, CHIEF OF PARTY. 

The results were obtained in the usual manner, except the discharge over bank 
east of section which the observer states '^ was obtained by taking meter observa- 
tioiiB and soundings at approximately equal distances and averaging them to give a 
mean velocity and depth. The measurement of this discharge was not made on line 
of the section but in three separate parts.'' The results of the overflow discharge 
are from the field compntatiou, the observation notes not having been received. 

For velocity observations of January 2S and 31 and February 11 and 12 (except at 
one station on February 11) Price current meter No. 4 was used; the field notes 
state that results of a rating previously made at Ashton are, jf = 1.921 x + 0.321, in 
which y = velocity in feet per second and x = registrations of meter per second. 
These values for this meter have been adopted in the final reduction. * 

For all other velocity observations Price meter No. 6 was used; three sets of rating 
observations were made with this meter during the season, the results of which, 
derived from final reduction in this office, are given inth« following table: 



Designation 
of meter. 



Price meter 
No. 6. 
l)o 



Do. 



Date and locality of rating 
olwervations. 



February 5, 1890, Duncansby, 

Miss. 
February 26, 1890, Wilson 

Point, La. 
April 11, 1890, Wilson 

Point, La. 



No. 
of ob- 
ser\'a- 
tions. 



*21 
t24 
•29 



3. 7581 
3.7650 
3.791 



-f0.271 

•fO.2529 

-1-0.2042 



Mean er- 
ror of 

obser>'a- 
tions. 



±0.124 
dbO.048 
d: 0.145 



Meaner- 
itjrof 



±0.087 
±0.027 
±0.084 



Mean er- 
ror of 
b 



±0.151 
±0.045 
±0.132 



•Instill water. 



f In running wator. 



It in reported that this meter was taken apart and cleaned on Febmary 11; there- 
fore the results of the first rating were used in computing discharges to February 11. 
For river discharges after that date the equation y = 3.7675 x -{- 0.2479 was used: 
this was obtained by combining the results of ratings made February 26 and April 
11, giving weight to the values of a and d inversely as the squares of their laean 
errors in the two series. 

For computing discharges through the break in Skipwith levee, since the veloci- 
ties were low, the results of April 11 rating were used, as they agree more closely 
with former ratings of this meter where low velocities were observed. 

Datum was assumed at 41.83 feet on the local gauge as in computation of previoiu 
Wilson Point discharge measurements. 

Office Secretary Mississippi River Commission, 

May SO, 1890. 
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EXTRACT FROM REPORT OP MR. C. W. 8TURTEVANT, ASSISTANT ENGINEER, CHTEP OF 
PARTY, UPON FIELD WORK OF DISCHARGE OBSERVATIONS, MISSISSIPPI RIVER, AT 
PLUM POINT, MEMPHIS, AND HELENA, HIGH WATER 1890. 

Memphis, Tenn., Deeemher 12, 1890, 

The party was subsisted on the steamer Ahhot and was composed of the following 
persons : 

One assistant engineer in charge, 1 steam engineer, 1 steersman, 1 leadsman, 1 
fireman, 3 deck hands, and 1 cook. 

The meter used was a Price No. 8, and was suspended from the end of a one- fourth 
inch diameter steel sash cord, which was wound around a reel and paid out over a 
pulley on the end of a boom projecting 8 feet over the bow of the Doat. An insu- 
lated return circuit wire was similarly attached alongside of the sa«h cord 'and 
wound around the same reel. As an 85-pound meter weight was used no gay lines 
were necessary. 

Discharge observations were taken at Plum Point until the river came to a stand 
at its highest stage. The party then went to Memphis and took daily observatioas 
until the break in the levee at Austin, Miss., occurred. The party measured the dis- 
charge through the break, and then took observations at Helena until the high water 
had fallen several feet. 

The river was out of its banks and the base lines for triangulation were measured 
with a transit and stadia board, except at Helena where the section and hoabd sig- 
nals were the same as used by the discharge party iu winter of 1888 and 1889. 

The details of the field work of a discharge observation are as follows : 

The section sounded and the position of the boat located by the sextant at the mo- 
ment of crossing the range. 

The boat was then taken to the first velocity observation station, and the assistant 
engineer in charge taking a position on the roof (directly over the steam engineer and 
the throttle valve) with the sextant, an electric bell was placed on the bow of the 
boat with the button on the roof near the assistant engineer, the leadsman attend- 
ing the register iu the observation room at the bow of the boat. 

When the boat was nearly up to the section the steersman signaled the engineer to 
slow down and hold the range with the throttle valve, and at the moment when the 
throttle valve was on ran|(e the assistant engineer would signal the leadsmen to 
start or stop the observation as the case might be, the meter being lowered six- 
tenths of the denth of water at that point, each observation lasting from 2 to 5 min- 
utes. From twelve to fifteen velocity observjitions were taken at each section as per 
instructions. The field work would last from 3 to 5 hours, after which the tape 
was counted and the observation calculated. 

# * « # ft « • 

Capt. S. W. ROESSLER, 

Corps of Engineers, U, 8. A, 



EXTRACTS FROM REPORT OF MR. LOUIS E. RITTER, ASSISTANT ENGINEER, UPON FIELD 
WORK OF DISCHARGE OBSERVATIONS, MISSISSIPPI RIVER, AT HELENA, ARKANSAS. 

AMELIA, Ark., January 18, 1891, 

I have the honor to submit the following report on the field work of the low water 
discharge observations made at Helena, Ark., December, 1890. 

The observations were made on a section about 2,300 feet below the section used 
in 1888-^89. This section was chosen as most convenient to the arrangement of the 
system of intersecting ranges used. These were erected on the bar on the Missis- 
sippi side of the river. No water flowed through behind the bar. 

The ends of the section were marked by range signals, the one on the Arkansas 
side called '*A," the one on the bar "B." 

The distance from A to B was 3,485 feet. 

A pivot signal was erected 6,447 feet above the section ; a perpendicular from it to 
the section would pass through the point B. Between the pivot signal and the 
section, at an average distance of 1,900 feet from the pivot signal, the front signals 
were placed, the ranges formed by them and the pivot intersecting the section at 
intervals of 200 feet. The system of ranges was laid out by measuring two base 
lines, one 1,000 feet long and the other 2,000 feet, and measuring the necessary 
angles. 

The minimum angle for locating a point on the section by means of these ranges 
was 62^ ir. 



APPENDIX Z Z REPORT OF MISSISSIPPI RIVER COMMISSION. 3533 

The apparatus used for measuring velocities consisted of Price meter No. 29, a 
register, relay, and seven zinc-carbon battery cells. The apparatus was operated 
from the steamer Abbot 

Th^ meter was attached to a three-quarter inch iron ro<l; one end of which was 
fastened to a 50-pound lead weight and the other end to a three-sixteeuths inch 
steel sash cord. 

At the bow of the boat was a mast and boom derrick ; the boom could be raised 
and lowered. At its lower end was attached a reel upon which were wound the steel 
cord supporting the meter weight, an4 two wires, one insulated^ which mado the 
circuit between the meter and the rest of the electrical apparatus. These wires and 
the sash cord passed over a pulley at the upper end of the boom, and down to the 
wat^jr. 

Three cells were used on the meter circuit and 4 on the register circuit. A relay 
connected the two circuits. 

The revolutions of the meter were recorded by means of the register in the usual 
manner and the time taken with a clock to the nearest second. The duration of an 
observation was from 250 to 300 seconds. 

Soundings were taken at the velocity stations and half way between them ; that 
is, at intervals of 100 feet. Near the ends of the section they were taken at inter- 
vals of 50 feet. In taking the soundings the boat was put onto range' I at-er ally and 
longitudinally by the steersman. An 8-pound lead was used and a three-eighth inch 
braided cotton line. 

The river width each day was determined by measuring the distances of the water 
edges from the end signals. 

In taking the velocities the boat was held on end laterally by the steersman and 
longitudinally by the engineer with the throttle. By an arrangement of signals 
between the steersman, engineer, and observer, the boat was always exactly on range 
at the time of starting and stopping an observation. 

Before and after taking a set of discharge observations the gauge was read to the 
nearest hundredth of a root, the lead line was tested, and the meter whirled to note 
any change that might have occurred. 

•» • « N ' « « • 

One meter rating was made in still water on December 3, 1890, and another in run- 
ning water on December 27, 1890. 

Capt. S. W. ROESSLER, 

Corps of EnginetfrB, U, S, A, 
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Appendix C 9. 

MISSISSIPPI RIVER AND PRINCIPAL TRIBUTARIES, EXCEPT THE MISSOURI— HIGH AND 
LOW WATERS REFERRED TO PRESENT OR MOST RECENT GAUGES. 

Note A. — ^The t before a quantity indicates that the gauge record is incomplete, 
and that it is possible the period of extreme high or low water is not included. * 

Note B. — ^At certain stations early records exist which are not used in this table 
because elevation of their gauge zeros has not been established with certainty. 

MISSISSIPPI mVEK, HASTINGS, MINNESOTA. 

[Zero of gauge approximately 601.30 foet above the Cairo datum plane.] 





Highest. 


Lowest. 




Year. 


Day. 


Gauge 
reading. 


Day. 


Gauge 
reudiug. 


Anthority. 


1879 


July 12-13 

J Que 17 


Feet. 

tl0.70 

16.80 

18.00 

13.70 

13.10 

11.20 

9.20 

10.00 

11.00 

14.30 

4.20 

6.6 


Nov. 24 


Feet. 
0.70 
1.70 
3.50 
2.40 
1.00 
1 70 
1.00 
0.30 
0.10 
0.30 


IT. S. Engiuecr gauge records. 
Do. 


1880 


Oct. 11,14-15 

Aug. 15-18 

Dec. 12-15 

Nov. 16-18 

Aug. 16 


1381..-. 
1882.... 
1883..-. 
1884 


Apr.:jO 

Apr. 12-13 

Apr. 24-26 

May 6 


Do. 
Do. 
Do. 
Do. 


1885 


Apr.28-30 

Apr. 20-21 

Apr. 18-19 

Hay 11 


Dec^5 


Do. 


1886 


Nov. 20 


Do. 


1887-.. . 
1888 


Nov.28-30 

Dec. 13-14 ^.. 


Do. 
Do. 


1880.... 
1890.... 


May 21-23 

June 12-24 


Nov.28-30 

Dec.l 


-0.40 
-..4 


Do. 
Do. 



MISSliSSIPPI KIVER, WINONA, MINNESOTA. 
[Zero of gauge approximately 660.00 foet above the Cairo datum plane.] 



1878. 
1879., 
1880.. 



1881. 



1882. 
1883 
1884 
1885 
1888 
1887 
1888 
1889 
1890 



July 17-18 . 
June 18 



Oct. 5. 



Apr. 13-14.. 
Apr. 21.... 
Sept. 16.... 
May 1-2.... 
Apr. 23... . 
Apr. 20.... 
MAy4.8... 
May 25.... 
June 12-14. 



9.00 
16.87 



14.33 



11.83 
12.17 
11.33 
8.83 
10.63 
10.92 
14.92 
5.25 
8.2 



Sept. 19 

March 27 

Oct. 14 

Apr.7 

Dec.6 

Nov. 30, Dec. 1.-.. 

Jan. 2 

Dec. 5-6 

Nov. 29 

Nov.28-30 

Dec. 22 

Dec. 30 

Jan. 1 



to. 08 

to. 71 

1.54 



2.70^ 



2.42 
1.00 
1.04 
1.92 

—0.29 
0.75 
1.33 
1.33 

-^.2 



IT. S. Engineer gaage records. 

Do. 

Do. 
High water, U. S. engineer gauge 

records. 
Low water, Mississippi River 
Commission discharge party 
gauge records. 
U. S. Engineer gauge records. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 



MISSISSIPPI mVBE, PRAIRIE DU CHIEN, WISCONSIN. 
[Zero of gauge approximately 624.59 feet above the Cairo datum plane.] 



1878. 
1879. 

1880. 
1881. 

1882.. 

1883. 

1884.. 

1885. 
1886. 
1887., 
1888.. 
1889. 
1880. 



May 26.... 
July 1-2... 
Oct. 21.... 

Apr. 19.... 

Apr. 28.... 

Sept. 22.,.. 

May 5-6 ... 
Apr. 27.... 
Apr. 23... 

May 13 

May2S-29. 
June 27 — 



40.40 
tl4. 10 
19.50 

15.10 

15.80f 

13.70 

11.75 
14.45 
14.25 
20.60 
7.00 
12.00 



Dec. 12 
Sept. 26-30 
Nov. 29-30 




29 
l)ec. 6 
Xov. 28 
Nov. 21 
Dec. 16 
Dec. 30 
Jan. 1 



n. S. Engineer gauge records. 
Do. 
Do. 
Do. 

Do. 

Do. 

Do. 

Do. 
I>o. 
Do. 
Do. 
Do. 
Do. 
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MISSISSIPPI KIVER, HANNIBAL, MISSOUKI. 
[Zero of gauge 468.72 feet above the Cairo datum plane.] 





Highest. 


Lowest. 




Year. 


Day. 


Gauge 
reading. 


Day. 


Gauge 
reading. 


Authority. 


1879 


Jnne&-4 


Feet. 
10.62 

18.67 

20.58 

18.42 
17.58 
18. 5U 
13.25 
17.08 
12.00 
21.58 
8.67 
13.50 


Dec 23 


Feet. 
0.87 

LOO 

S.58 

L58 

0.33 

2.17 

0.75 

—0.67 

0.50 

0.50 

-0.25 

-L75 


MtMw Mackenisie (from bridge 

gauge records). 
High wat4^r, Migor Mackenzie; 

low water, Mississippi River 

Coraniission discharge party. 
M^or Mackenzie (fttnn bridga 

gauge records). 


1880. . . 


jnlyS 


Nov.25...^ 

Fob. 1,6 


1881 


Oct 27 


1882 


Julv2 


Dec. 12 


]gg3 


May 20 


Dec. 22 

Mar. 13 


Do 


1884 


Apr.3 


Do. 


1885 


Mar.16 


Dec. 10-11 


Do. 


1886 


May 9 


Dec. 2-5 . . 


Do 


1887 


Feb. 13 


Dec. 2-3.22-24 

Dec. 23-24 


Do. 


1888 


May 17 


Do. 


1889. . . 


May 30 


Dec. 6 


Do 


1890 


July 3 


Jan.9 


Do. 











MISSISSIPPI MVER, GRAFTON, ILLINOIS. 
[Zero of gauge 232.72 feet above the Cairo datum plane.] 



1879. 



1881... 
1882... 
1883... 
1884... 
1886..^ 
1886... 
1887... 



1890. 



Jnlyg^. 
Mays.... 
July 6^. 
June 25 . . 
Apr. 6-7 . 
Apr. 29.. 
May 15... 
Feb. 16... 
May 30... 
May 81... 
July 2... 



210.41 
214.25 
214.50 
214.70 
212. 45 
208.64 
209.83 
205.01 
213.76 
205. 75 
205.75 



Dec. 24... 
Nov.27.. 
Jan. 80 . . . 
Deo. 14-15 
Dec. 27.... 
Dec. 22.... 
Deo. 16.... 

Dec. 4 

Dec 28-29 
Dec. 24... 
Oct. 14... 
Dec 17.... 



192.51 
193.20 
194.48 
193.65 
193.80 
194.70 
193.20 
191.3b 
191.30 
19*1!. 30 
192.25 
19L77 



U. S. Engineer gauge records. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Dv. 
Do. 
Do. 
Do. 



MISSISSIPPI RIVER, ST. LOUIS, MISSOUEI. 
[Zero of gauge 400.28 feet above the Cairo datum plane.] 



1785.. 
1826., 



1843... 
1844... 

1845... 

1846... 
1849... 
1851... 



1852. 

1853. 
1855. 

1856. 

1858.. 



Apr.. 



May 28. 

May2.. 
June 28.. 

June 27.. 

May 10.. 
Mar. 10., 
June 10., 



May 20 . 
May7.. 



May9.. 
June 15. 



42. 
83. 
96. 



27.0 



28. 
30. 
37. 

27. 

37. 



IT. S. Signal Service, on the aa- 
thority of Dr. Engleman. 

Mi^jor Merrill (Cluef of Engineers' 
Report, 1872, page 429.) 

Humphreys and Abbot Report^ 
page 171 (IT. S. Sinial Service, 
on the authority of Dr. Engle- 
man, makes this 33.6.) 

U. S. Signal service, on the author- 
ity of X>r. Englranan. 
Do. 

Mfldor Merrill (Chief of Engineers* 
Report, 1872, page 429.) 

IT. S, Sl^al Servioe, on the anther- 
ity ol l>r. Engleman. 
Do. 
Do. 

Humphreys and Abbot Report 
page 171, (U. S. Signal Service, 
on the aathority of Dr. Engle- 
man, makes this 27.0.) 
Do. 
Do. 

Midor Merrill (Chief of Engineers* 
Report, 1872, page 429.) 

U. S. Signal Service, on the aathor- 
ity or Dr. Engleman. 

Humphreys and Abbot. Beporti 
page 171.) 



APPENDIX Z Z — REPORT OF MISSISSIPPI RIVER COMMISSION. 3557 

MISSISSIPPI RIVER, ST. LOUIS, MISSOTTRI-Continued. 
[Zero of gaago 400.23 above the Cairo datam plane.] 





Highest. 


Lowest. 


\ 


Year. 


Day. 


Gauge 
reading. 


Day. 


Gauge 
reading. 


Authority. 


I860 




Feet. 


Dec. 27 


F€et. 
.6 

1.33 
3.48 
0.00 
1.22 
1.19 
5.79 
1.27 
0.85 
5.61 
5.2G 
2.81 
2.50 
4.67 
2.80 
2.30 
5.00 
6.85 
5.65 
3.50 
2.80 
7.55 
2.85 
4.45 
3. 15 
2.10 
1.45 
1.02 
- 3.25 
2.50 
2.95 


St. Louis city ^auge records, by 
adding 33.8 feet, on the autliority 
of Miyor Merrill (Chief of Engi- 
neers' Report, 1872, page 429.) 
Do. 


1861-.. . 


Mavis 


25.47 
31.45 
18.02 
20.33 
26.81 
26.77 
28.21 
24.19 
29.31 
26.21 
21. 82 
23.00 
25 45 


Jan.l 


1862 


Apf.26 


Jan 8 


Do. 


1863.... 
1k64 


Mar.4,9 

^Livl4 


Dec. 21 

Jan. 2 


Do. 
Do. 


1865... 


July 28 


Feb 12 


Do. 


1866.... 


Apf.25 


Dec. 21 


Do. 


1867.... 


May 1 


Dec. 19 


Do. 


1888 


May 14-15 

July 24 


Jan. 14 


Do. 


1880.... 


Jan. 2 


Do. 


1870 


Apr.16 


Dec. 24 


Do. 


1871 


Mar.l7 


Dec. 21 


Do. 


1872 


June 12-14 

Apr 11 


Dec.4 


Do. 


1873 


Nov.30-Dec.2.... 
Dec. 31 


Do. 


1874 


Juno 19-20 


18! 40 


U. S. Kugineer gauge rocorda. 
Do. 


1875.... 


Aug.3 


29.80 
32.00 
26.60 
25.75 
21.15 
25.50 
33.65 
32.39 
34.80 
28.10 
27.10 
27.00 
20.70 
29.35 
24.65 
20.60 
23.40 


Jan.8 


1876 


May 10 


Feb. 7 


Do. 


1877 


June 14 


Oct4 


Do. 


1878 


Jnne 15 


Dec. 25 


Do. 


1879 ... 


July 3 


Dec.28 


Do. 


1880 


Jnly 12 


Nov.29 


Do, 


1881 


May6 


Feb. 5-6 


Do. 


1882 ... 


July 5 


Dec. 18 


Do. 


1883 


June 26 


Jan. 12 


Do. 


1884 


Apr.9-10 


Jan. 5 


Do. 


1885 


June 17 


Dec. 15 


Do. 


1886 


May 13 


Dec.5 


Do. 


1887 


Apr.3 


Dec. 27 


Do. 


1888 


June 4 


Dec. 25 


Do. 


1889 


June 1 


Feb. 26 


Do. 


1890 


Julyl 


Dec. 17 


Do. 


1891 


Anr. 25 




Do. 













MISSISSIPPI RIVER, GRAIO) TOWER, ILLINOIS. 
[Zero of gauge 344.65 feet above the Cairo datum plane.] 



1885... 
1886... 
1887... 
1888... 
1889. . . 
1890... 



June 24 

May 15 

Mar. 20 

June 4-5 

June 2 

Jan. 16, Apr. 30 . . 



23.3 

23.5 

17.20 

24.50 

20.50 

17.00 



Dec.lft-20 

Dec 8 

Dec. 31.... 

Jan.l 

Oct. 18-22 
Dec 19-21 



2.5 
. 0.1 
0.20 
0.00 
2.10 
1.90 



U. S. Signal Service gauge records. 
Do. 
Do. 
Do. 
Do. 
Do. 



MISSISSIPPI RIVER, GRAY'S POINT, MISSOURI. 
[Zero of gauge 321.28 feet above the Cairo datum plane.] 



1879. 
1880. 
1881. 

1882. 

1883. 

1884. 

1885. 
1886. 
1887.. 
1888.. 
1889.. 
1890.. 
1891.. 



July 5 

July 10.... 

May 8 

Feb. 24..-. 

June 27-28 

Apr. 10-11 . 

June 24 

May 15 — 
Mar. 10 .... 
June 4-5... 

June 2 

Apr.6 

Apr.26.... 



23.90 
25.86 
32.96 
32.16 

34.31 

28.15 

27.35 
27.46 
22.66 
28.56 
25.80 
25.35 
23.10 



Dec 26.. 
Deo. 31.. 
Jan.l... 
Dec. 19.. 



Jon. 23-24. 



Dec. 27. 



Dec. 19 

Dec.8 

Dec. 31 

Jan.l 

Oct.19L.24.. 
Dec. 19-20. 



6.00 
0.91 
L46 
3.10 

3.41 

3.60 

6.58 
3.60 
1.32 
1.00 
5.25 
4.90 



Rob Berry, gaugekeeper. 

U. S. Engineer gauge records. 

Do. 

Do. 

(High-water, XT. S. Engineer gange 
records. 
Low-water, Mississippi River 
Commission j^auge records. 
Mississippi River Commission 
gauge records. 
Do. 
Do. 
Do. 
TJ. S. Engineer gauge records. 
Do. 
Do. 
Mississippi River Commission 
gauge records. 



For Cairo see Ohio River. 
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MISSISSIPPI EIVEK, BELMONT, MISSOUBI.* 
[Zero of gaage 287.14 feet abore the Cairo datum plane.] 





Highest. 


Lowest. 




Year. 


Day. 


Gauge 
reading. 


Day. 


Gauge 
reading. 


AnthoTity. 


1880 




Feet. 
39.17 

44.80 

45.28 

45.80? 

36.10 
44.58 
43.00 
41.05 
31.41 
43.03 
41.30 




Feet. 


H^h-water mark at Cohtmbas, 

Mississippi BlTor Ck>mmiB8ion 
tfauge records of Colnmbna. 

High-water mark at Coliunboa, 
Ky. ; low- water, Mississippi 
Kiver Commission gauge records. 

Mississippi River Commiasion 
gauge records. 


1882.... 


Feb. 26.: 






1883.... 


Feb. 26 


Sept. 30 

Dec. 10 


4.60 

6.80? 

7.91 
4.40 
1.42 
1.38 
2.85 
8.70 


1884.... 


Fob. 22-24 


1885... . 


JaiL26 


Oct. 20 


1886.... 


. Apr. 19 


Nov.H-13 

Dec. 31 


Do. 


1887. . . . 


Mar.lO-U 

Apr.6 


Do. 


1888.... 


Jan.l 


Do. 


1889.... 


Jane 24 


Oct 23 


Do. 


1890 


Apr.6 


Dec.24 25 


Do. 


1891.... 


Mat. 6-7 




Do. 








* 





* See note B, page 3555. 

MISSISSIPPI RIVER, NEW MADRID [MORRISSON LANDING], MISSOURI. 

[Zero of gange 275.80 feet aboye the Cairo datum plane.] 



1880.... 
1882 


Mar.24-26 


34.70 


Nov.29-50 

Dec. 19-20 


2.20 

3.70 
L72 
3.90 
6.25 
1.92 
0.30 
0.10 
1.80 
7.50 


Mississippi River 
gauge records. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 




1883.... 






Oct.l 

Dec. 10 




1884 


Feb. 23-25 


41.50 
31.45 
40.40 
37.78 
36.00 
27.50 
38.15 
36.40 




1886 


Jan. 26 


Oct. 20-21... 




1886. . . . 


Apr.20 


Nov.l3 




1887 


Mar.11-12 

Apr. 6 


Dec. 31 ... 




1888.... 


Jan.2 




1889.... 


June 24-25 

M»r.l5 


Oct. 23-25 




1890 


Dec. 26 




1891.... 


Mar. 7-8 

















MISSISSIPPI RIVER, COTTONWOOD POINT. MISSOURI. 
[Zero of gauge 250.02 feet above the Cairo datum phme.] 



1880. 

1881. 
1882. 
1883. 
1884. 
1885. 
1886.. 
1889.. 

1890.. 
1891.. 



Mar. 23-26 

Apr. 23-25 
Feb. 28... 
Feb. 28... 
Feb. 23-27 
Jan, 26-27. 
Apr. 21... 
June 25 — 

Mar. 15-16 
Mar. 8.... 



35.50 

35.20 
37.53 
87.85 
37.45 
31.90 
37.09 
27.60 

36.40 
35.90 



Nov. 30, Dec. 1 . 



1.10 



Jan. 8-9 


1.60 


Dec. 19-20 

Oct. 1-2 


3.60 
1.00 


Dec. 10-11 


2.70 


::::::::::::::::::::::::::::: 


Oct. 24-25 


.35 


Dec. 26 


5.10 








Mississippi River Commisaion 
gauge records. 

Do! 

Do. 

Do. 

Do. 
High- water correspondent. 
Mississippi River* Commission 
rage records. 



Do! 



MISSISSIPPI RIVER, FULTON, TENNESSEE. 
[Zero of gauge 228.55 feet above the Cairo datum plane.] 



1879. 

1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887., 
1888. 
1889. 
1890. 
1891. 



Mar.26 ' 34.18 

Apr.26 34.29 

Mar. 1-2 



Feb. 24 .... 

Jan. 28 

Apr. 22.... 
Mar. 12.... 
Apr. 10.... 

June 26 

Mar.22.... 
Mar. 13-14 . 



35.70 
29.92 
35.37 
34.61 
33.61 
25.68 
34.90 
33.90 



Nov. 13-15 

Xov. 1 


t2.10 
4.65 






Dec. 20 

Oct. 1-2 


6.W 
4.68 


Doc. 11 

Oct. 21-22 


.5.48 
6.25 


Nov. 14 


3.86 


Nov.22 


2.22 


Jan. 3 


1.60 


Oct, 23 


2.30 


Dec. 27-28 


7.67 







MissisRippi River 
gauge records. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 



Commission 
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MISSISSIPPI RIVER, MEMPHIS, TENNESSEE. 

[Zero of gauge, 203.97 feet above the Cairo datum plane] 



Year. 



Highest. 



Day. 



Gauge 
reading. 



Lowest. 



Bay. 



Gauge 
reading. 



AntLority. 



1828. 



1844. 
1848.. 



1849. 



1850. 



1851. 



1852.. 



18&8. 



1859. 
1862. 
1866. 
1867. 



1871. 
1872. 
1878. 
1874.. 
1875. 
1876.. 
1877.. 
1878., 
1879. 
1880. 
.1881. 
1882.. 
1883. 
1884.. 
1885.. 
1886.. 
1887.. 
1888.. 
1889.. 
1890.. 
1881.. 



July. 



Feb. 8, 16... 
May 14-21 . 
Mar. 11... . 



Apr. 21-23. 
June 23.... 
May 12-13 . 
Mar'aB'!!!! 



Apr.24 

Mar.3 

May 2 

Aug. 1^17.. •-.. 

Apr.8-0 

ApT.29 

May2 

Jan. 29 

Mar.24-29 

Apr.27-28 

Mar.0-9 

Mar.e^ 

Mar.1-3 

Jan. 28 

Apr.28 

Mar.9-10 

Apr. 11-12 

June 26-27 

Kar.23-24,Apr.4-5 
Mar.lO 



Feet. 
32.86 



83.16 



30.86 
33.50 
33.16 
32.96 
34.16 



34.06 

34.78 



33.95? 



31.50 
32. 50 
34.00 
33.05 
34.08 
32.05 
29.10 
28.10 
33.40 
33.30 
35.15 
34.75 
34.15 
29.25 
34.80 
35.30 
34.20 
26.60 
35.60 
34.90 



Oct 29, Nov. 2, 3. 

Sept 23 

Nov.3-4 



Dec. 27-31. 



Oct. 24-27. 



Dec. 29 

Dec. 25 

Oct. 30 

Nov.16 

Jan. 27 

Dec 80 

Tan.2 

Oct 24, Nov. 3.... 
Oct 9-12, Nov. 11. 

Oct 31 

SeptU-12 

Dec. 21 

Oct2 

Dec. 11-12 

Oct 21-13 

Nov. 14-16 

Nov.2(^24 

Jan. 4 

Oct 24-26 

Dec. 26-27 



FeeU 



1.36 
3.46 
2.46 
3.46 



2.86 



—0.92 
—0.95 
1.00 
1.40 
3.20 
1.20 
0.75 
2.90 
1.05 
2.60 
2.10 
3.50 
1.90 
3.10 
4.15 
2.50 
1.20 
0.80 
1.60 
7.20 



Humphreys and Abbot Report 
page 171. 
Do. 

Humphreys and Abbot Report 
page 51$; deducting 1.14. Cap- 
tain Willard (Ms. iSoi). 

Humphreys and Abbot Report 
page 516; deducting 1.14. Cap- 
tain Willard (Ms. 1801). 

Humphreys and Abbot ReiK>rt, 
page 517; deducting 1.14. Cap- 
taiuWillard(Ms. 1891). 

Humphreys and Abbot Report, 
page 518; deducting 1.14. Cap- 
tain Willard (Ms. 1891). 

Humphreys and Abbot Report, 
page 52^; deducting 1.14. Cap- 
t^ Willard (Ms. 1891). 

Humphreys and Abbot Report, 
page 532; deducting 1.14. Cap- 
tion Willard (Ms. 1891). 

Captain Willard (Ms. 1891.) 

dS.' 

Migor Benyaurd (Chief of Engi- 
neers' Report., 1881, page 1444.) 
U. S. Engineer gauge records. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. • 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 



MISSISSIPPI RIVER, MHOON LANDING, MISSISSIPPI. 
[Zero of gauge, 181.48 feet above the Cairo datara plane.] 



1880. 



1883. 
1884.. 
1885. 
1889.. 
1890.. 
1891.. 



Mar. 8-9. 



Mar. 7-8 

Mar. 5^ 

Jan.2a^ 

June 27 

Mar. 28-Apr. 2 . 
Mar. 10-13 



36.10 



40.20 

38.90? 

33.80 

27.70 

38.50 

35.4? 



Dec. 22. 



Oct 1-2 . 
Dec.12.. 



Oct 26-31 . . 
Aug. 26-27. 



5.90 



2.40 
2.60 



.2.20 
8.10 



High-water niarV, Mia.sissippi 

Kivor Commission levels. 
Mississippi River Commission 
gange records. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
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MISSISSIPPI RIVER, HELENA, ARKANSAS. 
[Zero of gauge, 161.98 feet above the Cairo datum phuie.] 





Higheat. 


Jjowest, 




yo.ir. 


Day. 


Gauge 
reading. 


Day. 


Gauge 
reading. 


Authority. 


1828 




Feet. 
43.11 

42.21 
42. 81 
42.81 
39. 81 
44.61 

43.61 

46.40 

44.40 
45.82 


' 


Feet. 


Hnmphr^B and Abbot Report 

lug 0.39 feet. Captain Ben- 
yaiird (Chief of Engineers' Re- 
port. 1876, page 606). 
Do. 


1844 








1849 








Do. 


1850 ... 


Mavl 






Do. 


1851 


■^^**j * 






Do. 


1858 


July 2-6 






Humphreya and Abbot Report, 
page 533; corrected by deduct- 
ing 0.39 feet. Captain Ben- 
yaurd (Cliief of Engineers' Re- 
port, 1876, page 606). 

Humphreys and Abbot Report 

ing 0.39 feet Captain Ben- 
yaurd (Chief of Engineers' Re- 

MS*or' Me^^(Chief of Engl- 
nw^rs' Report, 1872^ page 432); 
corrected by adding 2.20 feet. 
Captain Benyaurd (Chief of En- 
gineers' Report 1876, page 606). 

Mf^or Abbot (Chief of Engi- 


1859 


Mar 22 






1862... . 








1865 








1867 






neers' Report 1869, page 336, and 
1875, page 568). 
Migor Merrill (Chief of Engi- 


1871 




Dec. 29 

Dec. 26 


1.15 
0.00 
4.00 
3.70 


neers' Report, 1872, page 432); 
corrected by adding 2.20 feet. 
Captain Benyaurd (Chief of En- 
gineers' Report, 1876, page 606). 
' U. S. Engineer gauge reoorda. 


1872 


Apr. 26 


39.03 
40.00 
45.82 
42.40 
44.85 
41.80 
38.75 
37.26 
48.70 
43.74 
47.20 
46.90 
47.00 
40.70 
48.10 
46.40 
42.80 


Do. 


187a 


Mar.6 


Oct 17, 19, 20, 22. .. 
Nov.16 


Do. 


1874 


May 11 


Do. 


1875 


Apr. 12-14 

Apr.18-19 

Apr. 30-May 1 . . . . 


Jan. 28 


6. 50 . Do. 
3.00 • Do. 


1876 


Dec. 31 


1877.... 
1878 


Jaxi.4 


1.70 


Do. 
Do. 


1879. . . 


Jan. 31 




Do. 


1880 


Mar. 31 


Nov.3 


8.10 


Do. 


1881.... 


May 14 


Sept. 15 


6.25 
8.60 


Do. 


1882... 


Mar.9 


Dec. 22-23 


Do. 


1883 


Mar. 8-9 


Oct 1-2 


6.40 Do. 


3884 . 


Mar. 6 . . . 


Dec. 13 


7.25 Do. . . 


1885 


Jan. 30 


Oct 23 ..' 


8.00 ! Do. 


1886 


Apr. 30 


Nov. 16 


3.00 ' Do. 


1887 


MAr.21-22 

Apr.14-15 

June 28 


Kov.23 


0.25 : Do. 

-0.20 i Do. 

1.60 Do. 


1888 


Jan.6 


1889 


M.IO 
47.72 
44.70 


Oct 26 


1890.... 
1891 


Mar.29-30 

Max. 27-28 


Aug. 27 


10.02 


Do. 
Do. 











MISSISSIPPI RIVER, OLENDALE, MISSISSIPPI. 
(Zero of gnuge, 168.07 feet above the Cairo datum plane.] 



1880... i Mar. 30- Apr. 3. .. . 
1881.... May 13-15 , 



37.10 
37.90 



Mississippi River Comraission 
gauge records. 
Do. 



MISSISSIPPI RIVER, ST. LOTTIS LANDING, ARKANSAS. 
[Zero of gauge, 141.33 feet above the Cairo datum plane.] 



1884. 



Mar. 6-7 . 



48.20 



Dec. 14. 



14.35f 



Missisfiippi River Commission 
gauge records. 
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MISSISSIPPI RIVER, SUNFLOWER LANDING, MISSISSIPPI. 

[Zero of gaage, 147.08 feet above the Cairo datnm plane.] 





Highest. 


Lowest. 




Year. 


Day. 


Gauge 
readiug. 


Day! 


Gange 
reading. 


Authority. 


1880 




Fut. 
40.61 

39.75 
41.65 

41.75 

33.50 
42.90 
40.90 




Feet. 


High-water mark, Mississippi 
Itiver Commission levels. 
Do. 


1881 






. 


1882 




Dec. 2 


7.20 
5.00 


High-water mark, Mississippi 
River Commission levels. Low 
water, Mississippi River Com- 
mission gauge records. 

Mississipju Kiver Commission 
gauge records. 


1883 


Mar. 10-11 

June 29 


Sept. 28 


1889. - . . 




1890 


Mar.30-Apr.l.... 
Mar. 28- Apr. 1.... 


Aug. 27 


9.10 


Do. 


1891.... 




Do. 











MISSISSIPPI RIVER, MALONE LANDING, MISSISSIPPI. 
[Zero of gauge, 154.96 feet above the Cairo datum plane.] 



1880.... 




3L04 

30.00 
32.65 


Nov. 3 


0.10 

-1.40 
0.09 


High-water mark, Mississippi 
River Commission levels. L<iw 
water, Mississippi River Com- 
mission gauge records. 

Mississippi River Commission 
gauge records. 


1881.... 
1882.... 


May 14-15 

Feb. 28 


Sept. 19-20 

Deo. 24 











MISSISSIPPI RIVER, MOUTH OF WHITE RIVER, ARKANSAS. 
[Zero of gauge, 128.73 feet above the Cairo datum plane.] 



1802. 



1867.. 



1871. 
1872. 
1873. 
1874. 



1875.. 
1876. 
1877., 
1879^ 
1880. 
1881. 



1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 



Apr. 20 . 



Mar. 30. 



Apr. 80-Mayl. 

Apr. 25-26 

Apr. 28 



Apr. 16-17 . 
Apr. 8-15.. 
May 6-6... 



Mar. 23-25 . 
May 15-18 . 

Feb. 28 

Mar. 9-12 .. 
Mar. 7-8... 
Jan. 23-25.. 

May4 

Mar. 23-25. 
Apr. 20. ... 

June 29 

Mar. 31 .... 
Apr. 5 



48.2 



46.8 



40.20 
42.90 
46.60 



45.00 
46.70 
44.60 



46.55 
45.70 
48.40 
48.00 
47.90 
43.60 
48.20 
47.75 
45.55 
37.70 
50.40 
47.72 



Dec 

Dec. 28. 



Nov. 16 . 



Jan. 28 

Dec. 26 

Jan.8 

Oct, 14-15 . . 

Nov.4 

Sept. 14.... 
Doc. 23-24.. 

Oct.3 

Dec, 13 

Oct. 24 

Nov. 15-18 . 
Nov. 23-24 . 

Jan. 5-6 

Oct 27-29 . . 
Aug. 14-16 . 



1.37 
0.0 



2.70 



6.80 
2.90 
2.20 
2.40 
7.00 
5.50 
9.70 
6.80 
9.00 

10.00 
5.90 
3.50 
4.50 
5.10 

13.20 



Mf^ior Abbot (Chief of Engineers' 
Report 1889, paee 336); Mi^or 
Benyaurd (Chler of Engineers' 
Report 1881, page 1445). 
Mj^or Merriir (Chief of Engi- 
neers' Report 1872, page 432, 
corrected oy Adding 3.2 feet) ; 
Captain Benyaurd (Chief of 
Engineers' Report 1876, pago 
611jr 

Do. 
U. S. Engineer gauge reoords. 

Do. 
High water. M^lor Benyaurd (Mb. 
and Chief of Engineers' R^ort 
1876, i>age 611) ; low water, U. S. 
Engineer gauge records. 
U. S. Engineer gauge records. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 



3562 REPORT OP THE CHIEF OF ENGINEERS, U. S. ARMY. 
MISSISSIPPI MVBR, ARKANSAS CITT. ARKAITSAS. 
[Zero of gaage, 116.44 foot above the Cairo datam plane.] 





Highest. 


Lowest. 




Tear. 


Day. 


Gauge, 
reading. 


Day. 


Oange 
reading. 


Authority. 


1880 . . 


May 20-27 

May 10-18 

Feb. 28 


Feet. 
45.10 

44.30 
47.10 
46.35 
46.60 
42.60 
46.00 
46.05 
45.38 
36.30 
49.50 
48.40 


KoY.4 


Feet. 
5.90 

1.80 
7.50 
4.20 
7.30 
7.70 
3.00 
0.30 
1.70 

2.:» 

10.50 


Miftsissippi River Commission 
gango records. 


1881 


Jan. 14 


1882 


Dec.23-24 


Do. 


1883 


Mar. 11 


Oct. 3-4 


Do. 


1884.... 


Mar. 7-9 


Sept. 29 


Do. 


1885 . . 


May 7-9 


OdL 24-25 


Do. 


1886 


May 4-5 


Nov. 16-18 

Noir.24-25 

Jan. 6-7 


Do. 


1887.... 
1888 


Mar.26-27 

Apr. 21-22 

Juneao-Jnly 1 

Mar.27 


Do. 
Do. 


1889 


Oct. 28-29 


Do. 


18W.-.. 


Aug. 16-17 


Do. 


1891 


Apr.3-7 


Do. 













MISSISSIPPI laVBR, GREENVILLE, MISSISSIPPI, 
[Zero of gauge, 108 feet above the Cairo datum plane.] 



1844. 



1858. 
1867. 



1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 



Feb. 27 

Mar. 9-13.. 
Mar. 7-8 .. . 
May 7-8.... 

May6 

Mar. 21-26 . 
Apr. 21-23. 

Julyl 

Mar. 17-18 . 
Apr.2-3... 



42.16 

43.00 
39.92 
41.68 

40.40 
41. 10 
38.05 
41.20 
40.80 
40.55 
31.85 
43.45 
43.25 











Dec.23-24 


7.35 


Oot4 


6.60 


Deo. 14 


7.80 


Oct.25 


8.30 


Nov. 15-17 

Nov.22-24 

Jan. 6-7 


4.20 
1.86 
2.60 


Oct2»-29 


3.15 


Aug. 15-17 


10.00 



High-water mark, Mississippi 
iUver Commission levels. 
Do. 
Do. 
Mississippi River Commission 
gauge records.' 

Do.' 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 



1880. 
1881. 



MISSISSIPPI RIVER, REFUGE, MISSISSIPPI. 
[Zero of gauge, 102.79 feot above the Cairo datam plane.] 



Mar.23-27 | 42.30 

May 17-19 42.00 



Nov.6 

Sept. 20-21 . 



8.60 Mississippi River Commission 
gauge records. 



3.60 



MISSISSIPPI RIVER, WILSON POINT, LOUISIANA. 
[Zero of gaage, 93.45 feet above the Cairo datum plane.] 



Mar. 23. 




6.60 Mississippi River Commission 
gauge record. 



APPENDIX Z Z — ^REPORT OP MISSISSIPPI RIVER COM^flSSION. 3«5G3 
MISSISSIPPI BIVER, LAKE PROVIDENCE, LOUISIANA. 
[Zero of gauge 80.62 feet above the Cairo datum plane.] 





Higheat. 


X^ovest. 




Y«ar. 

• 


Day. 


^"^V 


Day. 


Gange 
reailuig. 


Authority. 


1862.... 




Fut. 
40.87 

39.99 




Ftet. 


Mivjor Merrill (Chief of Engineers' 
Report, 1872, page 432.) 

Mfgor Merrill (Chief of Engineera' 
Report, 1872, page 432. (A high- 
water mark, leveu of Mississippi 
River Commission, makes this 
39.31.) 

Do. 


1867 








1871 


V*"** 


Dec. 31 


—2.60 
-3.85 
0.91 
0.05 
5.90 
1.25 
1.25 
3.75 
0.56 
5.20 
^ 3.00 
5.90 
4.20 
5.55 
6.40 
2.55 
1.52 
2.08 
2.80 
8.50 


1872. . . . 


Mayl 


35.15 
36.12 
37.37 
37.29 
37.95 
35.82 
35.80 
36.00 
38.05 
36.17 
38.32 
36.47 
38.40 
35.55 
37.91 
38.01 
38.10 
29.40 
41.05 
41.00 


Dec. 29 

Nov.4 


1873 


May 28 


Do. 


1874.... 


Mar. 21-23 

Apr. 19-20 

Apr.12-14 

May 6-7 


Nov.16 


Do. 


1875.... 


lfov.l2 


Do. 


1876.... 


Dec. 31 


Do. 


1877 


Jan. 1-3 


Do. 


1878.... 
1879.... 


Max.22-24 

Feb. 14-16 


Oct 27-i», Nov. 5-6 
Oct. lft-17 


Do. 
Do. 


1880 


Apr.3 


Nov.3 


Do. 


1881 


Mar. 11 


Sept. 14-19 

Dec. 25 


Do. 


1882 


Mar.20 


Do. 


lg83 


Mar. 11-14 

Mar. 23-24 

May 10-11 

May 7 


Oct. 2 


Do. 


1884.... 


Dec. 15 


Do. 


1885 


Oct. 26 


Do. 


1886 


lfov.l9 


Do. 


1887.... 


Mar.26 


Nov.22-24 

Jan. 7-8 


Do. 


1888.... 


Apr. 24-25........ 

Julv 1-2 


Do. 


1889 


Oct. 29-30 


Do. 


1890.... 


Mar. 15 


Aug.l7 


Do. 


1891 


Apr. 1-4 




Do. 






t 





MISSISSIPPI RIVER, HAY'S LANpiNG, MISSISSIPPI. 
[Zero of gauge 86.05 feet above the Cairo datum plane.] 




Mississippi River Commission 
gauee records. 



MISSISSIPPI RIVER, VICnCSBURG, MISSISSIPPI. 
[Zero of gauge 66.04 feet above the Cairo datum plane.] 



1828 




46.38 






Humphreys and Abbot Report, 
pa^e 172. Captain Willard (Ms., 

Do. 


1844 ... 


June 28 


46.18 
46.38 
47.08 






1849 


Apr 3fl 






Do. 


1850 .. 


Jirne4 






Captain WiUard (Ms., 1891). 
Do. ^ 


1855 






-1.32 

7.28 


1858.. 


June 26 


46.98 

48.28 
51.10 

46.43? 
49.02? 


Oct. 31 


High water, Captain WilUrd (Ms., 
1891.) Low water, Humphreys 
and Abbot Report,page 534. Cor- 
rected to present gauge h\ 8ub< 
tracting 1.32. Authority, Cap- 
tain Willard (Ms., 1891). 

Captabi Willard (Ms., 1801). 

Mjvjor MerrlU (Chief of Engi- 
neers' Report, 1872, page 433). 
Captain WiUard (Ms., 1801). 

Captain Willard (M!s., 1891). Ma- 
jor Abbot (Chief of Engineers' 
Report, 1869, page 337) gives 
this as 2.8 less than 1862. 

Captain WiUard (Ms., 1891). 

U. S. Engineer gauge records. 
Do, 


1850..., 


Apr.21 




1862 


Apr.27 






1866.... 








1867 








1871 




Dec. 31 


-0.38 

—1.30 

2.35 

8.15 


1872.... 


May 2-3 


39.50 
40.60 
45.70 


Dec. 30 


1878 




Jan.l 


Do. 


1874.... 


May 2-5 


Nov. 16-21 


Do. 



3564 REPORT OF TItE CfilEF OF ENGINEERS, tJ. S. ARMT. 
MISSISSIPPI RtVER, VICKSBXJll#, MISSISSIPPI— Continued. 
[2ero of gauge 66.04 feet above the Cairo datum plane.] 





Highest. 


r 

Lowest. 


/ 


Tear. 


Day. 


Gwige 
reading. 


Day, 


Gauge 
reading. 


Authority. ^ 


1875.... 


Apr. 21 


Feet. 
. 43.00 
44.90 
41.60 
40.95 
89.45 
43.15 
41.86 
48.76 
43.80 
49.00 
42.40 
44.15 
44.70 
44.18 
84.45 
49.06 
48.10 


Nov. 13-15 

Dec. ;}0-31 


Feet, 

8.10 
4.05 
2.25 


IT. S. Engineer gauge records. 
Do. 


1876 ... 


May 10 ' . ... 


1877 


May 8-i3 


Jau. 6-7 


Do. * 


1878 


Mar.24-27 




Do. 


1879 . , 


Feb. 17 . . . 






Do. 


1880 


Apr. 8-9 


Oct 27 


7.70 

3.65 

7.60 

2.90 

4.85 

4.90 

0.00 

—3.92 

—1.35 

-0.70 

9.00 


Do. 


1881 


Mar. 10-12 


Sept. 19-20 

Doc. 26... 

Oct.6...J. 

Dec. 15 ... 


Do. 


1882 ... 


Mar. 20-21 


Do. 


1883 


Apr. 7 


Do. 


1884 


Mar. 25 


Do. 


1885 - . 


Feb.3 


Oct. 26-27 


Do. 


1886 


May 7-9 


Nov. 16 


Do. 


1887. . . . 


Mar.26-31 


Nov.24-26 

Jan. 7-8 


Do. 


1888 


Apr.26 


Do. 


1889.... 


Julys 


Oct.30-Nov.l 

Aug.17-24 


Do. 


1890.... 


Apr.24-25 


Do. 


1891 


Apr.2-4 


Do. 













MISSISSIPPI RIVER, ST. JOSEPH, LOTTISIANA. 
[Zero of gauge 52.74 feet above the Cairo datum piano.] 



1881... 

1882... 
1883... 
1884... 
1885... 
1889... 
1890... 
1891... 



Mar. 13 ... 

Mar. 20-21 

Apr. 7 

Mar. 23... 

Feb.3 

July 3-4... 
Apr. 23 ... 
Apr. 11 ... 



39.20 

44.90 
41.90 
44.98 
38.37 
t30.60 
45.15 
43.80 



Dec. 26. . 
Oct. 8-9 . 
DeQ.16.. 



Oct 30-Nov. 1 . 
Aug. 20-22.... 



7.80 
4.20 
3.95 



-3.95 
5.20 



Missiasippi River Conuuisaion 
gauge records. 

Do*. 
Do. 
Do. 
Do. 
Do. 
Do. 



MISSISSIPPI RIVER, NATCHEZ, MISSISSIPPI.* 
[Zero of gauge 36.89 feet above the Cairo datum plane.] 



1871. 



1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 



May 2, 4-5 

May 30 

Apr. 20 

Apr.25-26 

MAyl&-16 

May 30-31 

Mar.28 

Feb.17-20 

Apr.l6 

Mar.16,19 

Mar.28-29 

Apr. 7-9 

Mar. 24-26 

Feb. 3-6 

May 9-11 

Mar. 30-Apr. 3 . . . 
Aur. 27-May 1 . . . 

Mar. 12-13 

Apr. 23 

Apr. 11-12 



43.80 



39.85 
40.15 
4.5.60 
4].«5 
43.85 
40.70 
39.20 
36.80 
43.50 
40.80 
47.75 
44.00 
47.40 
42.60 
43. 75 
44.20 
43.40 
34.15 
48.60 
46.50 



Dec. 14-16. . 

Jan.l 

Nov.17.... 

Jan.l 

Deo. 31 

Jan.9 

Nov. 8..... 
Oct 18-22 . . 

Oct 28 

Sept 21-22 . 
Nov. 6-9 ... 

Oct6 

Oct 1-2.... 

Oct 27 

Nov.6 

Nov. 25-27 . 

Jan. 7 

Nov. 3-5 ... 
Aug. 19-21 . 



1.20 



0.00 
0.95 
2.70 
7.00 
2.90 
1.40 
6.35 
1.80 
7.30 
4.70 
9.70 
4.90 
7.70 
6.50 
2.80 
0.75 
4.50 
2.70 
11.60 



Captain Benyaurd (Chief of Engi- 
neora' Report, 1876, page 613) ; 
Major Merrill (Chief of Engi- 
neera' Report 1872, page 433). 
U. S. Engineer gauge records. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do, 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 



* See note B, page 3555. 
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MISSISSIPPI RIVBB, KKD RIVER LANDING, LOUISIANA. 
[Zoro of gauge 23.85 feet above the Cairo datura plane.] 





Highest. 


Lowest. 




Year. 


Day. 


Gange 
reading. 


Day. 


Gauge 
reading. 


Authority. 


1867 




Fett. 
46.30 

44.50 

39.42 
39.02 
47.05 
40.45 
4.5.41 
40.55 
35.90 
44.05 
40.10 
48.53 
45.20 
47.80 
4L96 
41.94 
43.00 
41.75 
34.00 
48.67 
45.48 




Fttt. 


Mi^or Merrill (Chief of Engineers' 
Keport, 1872, page 434). Cor- 
rected by adding 3 feet (Captain 
Benyaurd, Chief of Engineers' 
Keport, 1876, page 614>. 

Hiffh water, Major Merrill, as 
above. Low water, U. S.- Engi- 
neer gniige roc'oiHl. 

Do 


1871 




Deo. 31 


t2,00 

0.00 

4.50 

LOO 

6.00 

2.23 

0.85 

0.55. 

6.10 

3.40 

9.10 

3.95 

6.30 

6.70 

2.70? 

0.46 

3.90? 

2.40? 

8.80 


1872 . . 


May6 


Dec. 15 


1873 


June 12. 


Jan 1 


1874 


Apr. 16 


Nov.22 


Do 


1875 


May3.., 

Mayl5.T 


Jau.l 


Do. 


1876 


Dec.30 


Do 


1877 - 


Jni\n 1—3 


Jan. 8.10 

Oct. 24-25 


Do. 


1879 


Feb. ll>-20 


Do. 


1880 


ApT.22-24 

Apr. 6-0 


Oct. 26-27 


Do. 


1881. .. 


Sept. 21-22 

Oct. 18 


Do. 


1882 


Mar.27 


Do. 


1883 


Apr. 9 


Oct. 7-8 


Do. 


1884 ... 


Mar. 29-31 

Feb.5-« 


Oct. 1-2 


Do. 


1885 


Oct. 26 


Do. 


1886 


May31..... 

Apr. 8 


Nov. 7 


Do. 


1887. .. 


Nov. 25 


Do. 


1888 


Anr. 30 


Oct. 23-24 . 


Do. 


1889- .. 


Mar. 13 


Nov. 4-5 


Do. 


1800 


Apr. 23 


Aug, 23-24 


Do. 


1801 


Apr.26-May 4_... 


Do. 











MISSISSIPPI EIVBR, BAYOU SARA, LOUISIANA. 
[Zero of gauge 23.95 feet above the Cairo datum plane. 



1888....iMch.l3-U. 



1800.... Apr.21 

1891.... Apr.20-May6.... 



28.00 
4L20 



Nov. 3-5 

Aug.30-Sept.l. 



-2.10 
4.00 



Mississippi River Commission 
gauge records. 

Do*. 



MISSISSIPPI MVBR, PORT HICKET, LOUISIANA. 
[2!ero of gauge 13.68 feet above the Cairo datum plane.] 



1881.... 



1883..., 
1884..-, 



Apr.5-7 , 

Mch. 27-29... 

Apr.9 , 

Mch. 29 

Jjm. 31-Feb. 7 



40.80 

47.90 
46.10 
47.45 
42.80 



Sept. 11 


9.50 










Dec. 3 


13.10 







Mississippi River Commission 
gauge records. 
Do. 

Do. I 

Do. 
Do. 



MISSISSIPPI RIVER, BATON ROUGE. LOUISIANA.* 
[Zero of gauge 20.06 feet above the Cairo datum plane.] 



1851 


Anr.l 


34.53 


Nov.24 


3.20 
0.20 


Migor Merrill (Chief of Engineers. 
Keport, 1874, page 491). 


1854.... 






1862 




36.07 
34.49 
34.52 
29.65 
29.85 




Do. 


1869 








Do. 


1871 ... 








Do. 


1872 


May7 


Dec. 22 


i.is 

2.32 


U. S. Engineer gauge records. 
Do. 


1873.... 


Junel7 


Jan.l 



* See note B, page 3555. 



3566 REPORT OF THE CHIEF OF ENGINEERS, U. S. ARMY. 
MISSISSIPPI RIVER, BATON ROUGE, LOUISIANA*~ContiiwittL 
IZero of gaago 2L 06 feet above the Cairo datum plane.] 





Highest. 


Lowest. 




Year. 


Day. 


Gange 
reading. 


Day. 


Gauge 
reading. 


Authority. 


1874 


Apr.l6 


36.15 
29.75 
33.40 
29.65 
29.35 
26.10 
33.20 
30.05 
35.95 
85.08 
36.20 
31.90 
32.10 
33.55 
82.50 
26.75 
36.60 
35.55 


NoT.21 


2.30 
3.95 
1.70 
0.90 
3.30 
2.00 
4.00 
2.90 
6.18 
3.10 
4.30 
4.65 
2.25 
1.10 
2.90 
2.50 
5.45 


U. S. Engineer gauge rcooida. 
Do. 


1875 . 


May 13 


Jan.l 


1876 


May%l&-1« 

jmi^i 4-. 


Dec. 30-31 


Do. 


1877 


Jan.9 


Da 


1878 


Kay 19 


Uov.6 


Da 


1879 


Pelj. 15-17 


Nov.21-24 

Oct 13-15, 2.5-26 . . . 
Scipt.22 


Da 


1880.... 
1881 


Apr.2a-34 

Apr.8 


Da 
Do. 


1882 


Mch 26 


Oct. 18 


Da 


1883- 


Apr.9 


Oct7 


Do. 


18&I 


Mch. 24 


Oct.2 


Da 


1885 . 


Jan.TO-31, Feb.2.. 
May 31-Juue 2 . . . . 
Apr 10 


Oct. 31 


Da 


1886 


Nov.20 


Do. 


1887 


Nov.26.1 


Do. 


1888 


Apr! 29, May 8.... 

Mar.l»-14 

Apr.21-22 

May 3,5 


Jon. 10 


Do. 


1889 


Oct 27-28 


Do. 


1890.... 
1891... 


Aug. 22-24 


Do. 
Do. 













* See note B, page 3566. 

MISSISSIPPI RIVER. PLAQUEMINE, LOUISIANA. 

[Zero of gauge 21.06 feet above the Cairo datum plane.] 



1880. 

1881. 
1882. 

1883. 
1884. 
1885. 
1889. 
1890. 
1891. 



Apr.23-25... 

Apr.3-9 

Mar. 21-27... 

Apr.9 

M:ar.24 

Jan. 30-Feb. 5 
Mar. 13-14 ... 

Apr.22 

Apr. 15-22 ... 



29.001 

26.00? 
8L30f 

30.80 
31.70 
27.70 
23.00 
31.90 
31.05 



Sept 21-23 

Oct 15-18, Nor. 
8-lL 

Oct7 

Oct 1-2 



Oct 30 

Aug. 22-23. 



L70f 
3.80? 



1.36 
2.90 



1.10 
3.65 



MissiMippi River Ck>mmi8aion 
gance recorda. 

Do! 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 



MISSISSIPPI RIVER. DONALDSONVILLB, LOUISIANA.* 
[Zero of gauge 19.14 feet {preliminary value) above the Cairo datum plane.] 



1890 . 






Aug. 21-22 


4.14 


U. 8. Engineer gauge reoorda. 
Do. 


1891.... 


Mar. 18, 20 


27.90 











* See note B, page 3555. 

MISSISSIPPI RIVER, COLLEGE POINT, LOUISIANA. 

[Zero of gauge 21.24 feet above the Cairo datum plane.] 



1880... 

1881... 
1882... 
1883... 
1884... 
1886... 
1889... 
1890... 
1891... 



Apr. 18, 20-23 

May 22-24... 

Mar.26 

Apr.9 

MAr.24 

Jan. 30, Feb. 1 
Mar. 12-14 ... 

Mar.18 

Mar.31 



2L30 

19.95 
23.20 
23.45 
24.10 
21.10 
17.48 
23.90 
23.05 



Nov.l 

Aug. 27. Sept 19. 
Oct 13, Nov. 7... 

Oct 12-13 

Dec. 2 



Oct 28.. 

Aug. 22 . 



2.65 

L35 
2.45 
1.40 
1.25 



0.20 
2.22 



Misaiaaippi River Commissioii 
gauge records. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
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MISSISSIPPI RIVKR, CARKOLLTON. LOUISIANA. 
[Zero of gan^ 20.91 feet above the Cairo datum plane.] 



Tear. 



Highest. 



Day. 



Gange 
reading, 



Lowest. 



Day. 



Gauge 
reading. 



Authority.* 



1828... 



Apr.l. 



1844. 
1840., 

1850.. 

1851. 

1852. 

1853.. 

1854. 

1858., 

1859. 

1860. 

1802. 

1871. 

1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 



1883. 
1884. 
1885. 
1888. 
1887. 
1888. 
1880. 
1890. 
1891. 



Mar.11-16 

Jan. 21, 28, 30, Feb. 

2. 
Mar.27-30 



May 30 

May 30-31, June 2- 

3. 
Apr. 14 



May 10, 12. 
May 2, 4, 6 
Feb. 6 



May6 

June 3-4 

Apr.16 

May 3-5, 14-16, 18 

Mayll 

June 4,8 

Mar.21 

Feb. 20, 22 

Apr. 22, 24 



Apr. 12..-. 
Mar.27.... 

Apr. 7 

Mar.l8.... 
Jan. 22, 23. 

May 31 

Apr. 6-0 .. . 
Apr. 28.... 
Mar. 13-14 . 
Mar. 13-17 . 
Mar. 16.... 



Feet. 
15.2 

14.5 
15.2 

13.8 

15.4 

14.1 

15.0! 

14.7? 

15.1 

15.6 

13.4 

15.9 

15.4 

12.30 
12.93 
15.70 
1L30 
12.70 
ILIO 
11.30 
10.80 
13.90 



12.55 
14.95 
15.40 
15.50 
13.55 
13.80 
14.50 
14.70 
11.60 
16.10 
16.00 



Feet. 



Oct.6 , 

Not. 18.... 
Nov.24.... 

Feb.4 

Oct 26 

Dec. 30 

Nov. 5, 7-9. 
Nov. 13 .... 



Oct. 18 . 



2.1 

-0.5 

0.2 

0.6 

L2? 

0.0? 

0.4 

,-0.4 

-0.7 



Dec. 27.. 
Nov. 20 . 
Nov. 24 . 
Nov. 13 . 
Dec. 30.. 
Jan. 9. . . 
Nov. 22 . 
Nov. 24 . 
Nov. 2.. 



Sept. 10. .. 
Nov. 8..-. 
Oct. 15.... 
Dec. 2,5 .. 
Oct. 24... . 
Nov. 27... 
Nov. 20... 
Jan. 10.... 
Nov. 9, 11 . 
Aug. 11... 



-L60 

0.08 

0.10 

0.10 

-L20 

—1.40 

-0.10 

0.80 

0.30 



0.30 

1.00 

0.50 

0.30 

0.90 

-0.40 

-0.70 

-0.20 

0.40 

1.60 



Humphrevs and Abbot Beport 

page 172. 
Do. 
HumphrevB and Abbot Re]M)rt, 

page 516. 
HumphrevB and Abbot Beport, 

page 5l7. 
Humphreys and Abbot Report, 

page 521. 
Hnmphreys and Abbot Eejwrt, 

page 525. 
Humphreys and Abbot Report, 

page 527. 
Humphreys and Abbot Report, 

page 528. 
Humphreys and Abbot Report, 

page 536. 
Humphreys and Abbot Iteport, 

page 540. 
Humphreys and Abbot Report, 

page 541. 
Mi^or Abbot, Chief of Engineers' 

Report, 1869, page 337, and 1875, 

page 568. 



Mfuor Merrill, Chief of Engineers* 

Report, 1872, page 434. 
IT. S. fSngineer gauge records. 



Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
High water, Mississippi Rivei 
Commission discharge party 
records. Low water, u. S. 
leer gauge records. 
TT. S.^ngineer gauge records. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 



ARKANSAS RIVER, LITTLE ROCK, ARKANSAS. 
[Zero of gauge, 241.55 feet (preliminary value) above the Cairo datum plane.] 



1857 . . 




31.00 

26.00 
22.60 
23.00 
21.80 
26.30 
27.50 
24.30 
16.60 
14.80 
18.40 
25.70 
25.80 
30.60 
28.60 
17.90 
17.60 
20.30 
23.30 
26.80 
22.70 






Major MerriU, Chief of Engineer's 

Report, 1872, page 432. 
T7. S. Engineer gauge records. 
Do. 


1872.... 
1873 


May 20-21 

Apr. 12 


Dec. 4-5, 14, 15..., 

Sept. 23, 26 

Sept. 4-7 

Nov 27 


0.80 
0.40 
0.00 
0.50 
LOO 

LOO 
0.80 
LOO 
3.30 
4.90 
4.80 
4.40 
8.20 
2.00 
3.40 
3.90 
4.50 


1874.... 


Apr.25 


Do. 


1875 


Aug. 5 


Do. 


1876.... 


Ja]y7 


Oct. 18 


Do. 


1877 


June 13 






1878.... 


May 28 






1879. . . . 


Fob. 3 


Oct. 23-24. 


Do. 


1880 


Mar. 15 


May 29-30 

Jan. 15-18 

Sept. 23-26 

Oct. 8-9, 12-13 

Nov. 17-21 

Dec. 8, 24-29 

Nov.a-9,16 

Nov. 20 


Do. 


1881 


Feb. 20 


Do 


1882 ... 


Feb. 25 


Do. 


1883 


Feb. 19 


Do 


1884 


F«b. 15 


Do. 


1885. . . . 
1886 


Apr. 27-29 

Feb. 16 


Do. 
Do, 


1887 


Hay 6 


Do. 


1888 


May 23 


Oct. 19-Nov. 6.... 
Oct. 29 


. Do. 


1889 


Mar. 27 


Do. 


1890 


Apr. 29 


Aug 17-19 


Do, 


1801.... 


Apr.24 


Do. 
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ARKANSAS RIYER, PINE BLUFF, ARKANSAS. 





Highest. 


Lowest. 




Tear. 


Day. 


Gauge 
reading. 


Day. 


Gange 
reading. 


Authority. 


1881.... 


Feb. 21 


Feet. 

24.33 

31.67 
80.50? 
34.30? 
33.70 
22.30 
22.50 
25.20 
29.00 
31.70 
23.10 


Sept. 18 


FeeL 

4.95 

5.6«f 
7.40! 


MisaiHHippl River Ck>tiimiuion 
gange records. 


1882.... 


Feb. 25 


Sept 24-27 -\. 

Sept. 22 


1883 


Feb.20 


Do 


1884 


Feb.l7 




Do. 


1885.... 


Apr. 29 


Dec. 28-29 


6.40 
5.40 
4.70 
5.90 
6.50 
6.20 


Do. 


1886 


Feb. 16 


Nov. 16 


Do. 


1887.... 


May 8 


Nov.20-23 

Nov. 2-4 


Do. 


1888 


Dec.31 


Do 


1889 


Jan. 20 


Oct. 27-30 


Do. 


1890.... 
1891.... 


Apr.ao-Miiyl.... 
Apr. 24-25 


Aug. 18-20 


Do. 
Do. - 



ATCHAFALATA RIVER, BARBRB LANDING, LOTHSIANA. 
[Zero of gange 24.17 feet above the Cairo datum phme.] 



1880.. 
1881. 
1882. 
1883. 
1884., 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 



Apr. 4-9 

Mar.27 

Apr.8-10 

Mar.30-31 

Feb. 1-6 

May 29-JnDel.. 

Apr. 9 

Apr. 30-May 3 . . 

Feb. 11-13 

Apr.23 

Apr. 25-May 4 . . 




ATCHAFALATA RIVER, SIMMSPORT,. LOUISIANA. 
[Zero of .gange 24.17 feet above the Cairo datum plane.] 



1884 






Oct4 


fS.5 


U. S. Engineer gauge records. 
Do 


1885 ... 


Feb. 2-8 


t43.9 




1887 




Oct. 1-3 


t-0. 65 
0.48 
2.00 
4.80 


Do. 


1888 


Apr. 30-May 1.... 
Feb 13 


38.80 
32.19 
45.50 
43.32 


Get. 30 


Do. 


1889 


Nov. 7 


Do. 


1890.... 


Apr.22-23 

Apr.26-May2-..- 


Aug. 26 


Do. 


1891.... 




Do. 











ATCHAFALAYA RIVER, WEST MELVILLE, LOUISIANA. 
[Zero of gange 20.17 feet above the Cairo datum plane.] 



1882 




37.0 






U. S. Signal Service. 

U. S. Engineer gange records. 

High water, U. S. Engineer gauge 

records. 
Low water, U. S. Signal Service 

gange records. 


1884 




Oct.4 


t3.85 
t3.9 

3.9 
L50 

3.40 
4.50 
7.3 


1885 


Feb. 2-8 


31.65 

3L7 
32.1 

3L90 
28.80 
3.5.4 
33.7 


Nov.l 


1886.... 


May 28- June 5.... 
Apr.8-13 


Sept.14 


1887 


Sept. 16 ... 


High water, U. S. Signal Service 

gauge records. 
Low wator, U. 8. Engineer gange 

records. 
U. S. Engineer gange records. 
Do. 


1888 


May 3-4 


Oct. 21. 30-31 

Nov. 6-7 


1889 


Mar. 13-15 


1890.... 
1891.... 


Apr.27-29 

Apr.9-May8 


Aug. 25-26 


Do. 
Do. 
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GTJMBBBLAin) BIYBB, KASHTILLB, TENNESSEE. 





Higbcat. 1 Lowest. 




Year. 


Day. 


Gauge 
readfiig. 


Day. 


Gauge 
reading. 


Authority. 


1847 




Fett. 
64.7 




Feet. 


Major Merrill (Chief of Engineers' 

Report, 1874, page 489). 
IT. S. Engineer gauge records. 
Do. 


1873 




Oct 14 


0.60 
0.60 
1.20 
0.30 
0.80 

—0.40 

—0.20 
0.60 

—0.30 
1.20 
0.20 

—0.20 
0.40 
0.60 

—0.20 
1.00 
1.70 
1.60 


1874 


Apr. 17 


49 60 


July 10 


1875 


Mar. 2 


41.50 
34.40 
40.50 
27.30 


Sept. 18 


Do. 


1876. . . . 


Jan. 29 


OoL 20-21 


Do. 


1877.... 
1878 


Jan. 22 .^ 

Apr. 26 


Oct. 21-23, 2^26... 
Oct. 15-16 


Do. 
Do. 


1879 ... 


Jan. 19 


41.60 
46.50 
33.00 
65.30 
41.60 
48.30 
37.80 
49.30 
44.30 
39.20 
35.80 
60.70 
49.30 


Oct fr-7, 10-11,14-16 
Oct 16 


Do. 


1880 


Mar. 20 


Do. 


1881 


Jan. 25 


Septl»-14 

Oct 26-27 


Do. 


1882 ... 


Jan. 22 t 


Do. 


1883 


Fob. 14 


Sept 19-21 

Oct. 26-27 


Do. 


1881 


Mar. l?i-l« 


Do. 


188.'».... Jaii.21 

1880 ' Anr. Ill n 


Sept 13, 29 

Ifor.l 


Do. 
Do. 


1887 . 


Mar. 2 


Sept 14-17 

Aug.l«W8 

Octl8 


Do. 


1888.... 
1888 


Mar.30 

Feb. 21 


Do. 
Do. 


1890 


Mar.6 


July 18 


Do. 


1891 


Mar.l4 




Do. 













ILLINOIS RIYEB, BEARDSTOWN, ILLINOIS. 



1»82., 
1885., 
1886. 
1887. 



1890. 



Apr. 23 

Feb. 20 

Fob. 23-25. . 
Apr. a-5 . . . 
June 27-28. 
Jan. 20 



21.3 
14.2 

16.0 
16.5 
13.5 
12.0 
13.5 



Aug. 24 

Aug. 11 

Aug. 11-12 

Sept. 29-30 

May 17-18, 26-27 . 
Aug. 13-21, Aug. 

24-Sopt 4,8-15. 

Sept, 27-Oct 7. 



3.2 

0.9 

0.0 

0.7 

2.4t 

6.0 



U. S. Signal Service. 

U. S. Signal Service gauge records. 

Do. 

Do. 

Do. 

Do. 

Do. 



OHIO RIVEE, CINCINNATI, OHIO. 
[Zero of gauge 447.68 feet above the Cairo datum plane.] 



18o8. 
1859. 

isefi. 

1861., 
1862., 

1863., 

IKftl.. 
1865., 
1866. 
1867. 
1868., 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884., 
188.5. 
liiSii. , 

1887. 
1H8,'<.. 
1881). , 
181M).. 



Feb. 23. 
Apr. 17. 
Apr. 20. 
Jan. 24. 



Mar.l2 

Dec. 23 

Mar. 8 

Sept 26-27. 
Mar. 16.... 
Mar.30.... 

Apr.3 

Jan. 19 

May 13-... 

Apr. 13 

Dec. 18 

Jan. 13 

Aug. 6 

Jan. 29 

Jan. 20-21.. 

Deo. 15 

Dec 27 

Feb. 17 

Feb. 18 

Feb. 21 

Feb. 16 

Feb. 14 

Jan. 2 



55.33 
49.08 
49.42 
67.33 

42. 75 
46.08 
66.17 
41.17 
65.67 
48.25 
48.67 
65.26 
40.50 
41.75 
44.42 
46.75 
55.33 
51.75 
63.25 
41.33 
42.76 
63.17 
50.60 
68.68 
66.33 
71.06 
40.00 
April 9 1 66.76 



Fe.b.r) 

March 31 

Fob. 22 

March 26-27. 

ENG 91 — 



.'iC. 25 
:{9. 7.'> 



59.12 



I 



Sept28-Oct4... 

Sept 19-20 

Oct 3-4 

Julvl3 

Oct 8, 10-14 

OctSl-Xov.l... 

Oct 6-7 

Aug.6 

Oct. 19 

Aug. 17 

Oct 19-20 

July 28 

Aug. 27-28,31... 

Oct 5 

Oct 11-14 

Oct 14-16 

Oct 12 

Sept 23 

Si»pt6 

June 21 

Oct9 

Oct2a-24 

Oct 24 

Oct 28-29 

Sept 18 

Oct31-Nov.l... 

Sept 20-21 

Sept 26 

Oct 11-12 

Oct 26-27, Oct 31 
Nov. 2. 

Sept 23 

Aug.7 

Sept 12 

Aug.4 



2.42 


City wat 


3.26 


Do. 


6.42 


Do. 


5.08 


Do. 


2.33 


Do. 


2.50 


Da 


3.08 


Do. 


5.67 


Do. 


4.75 


Do, 


3.00 


Do. 


5.08 


Do. 


5.33 


Do. 


3.83 


Do. 


2.67 


Do. 


3.08 


Do. 


3.67 


Do. 


2.33 


Do. 


3.75 


Do. 


6.25 


Do. 


3.25 


Do. 


4.33 


Do. 


2.50 


Do. 


3.75 


Do. 


1.92 


Do. 


6.08 


Do. 


3.58 


Do. 


250 


Do. 


8 92 


Do. 


2 it3 


Do. 


2.67 


l>o. 


6.25 


Do. 


5.33 


l>o. 


6.60 


Do. 



-224 
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OHIO RIVER, LOUISVILLE (UPPER), KENTUCKY. 
[Zero of gauge 410.76 feet (prolinuiuiry valae) above the Cairo datam plane] 





Highest. 


LovcBt. 




Year. 


Day. 


Gange 
readiug. 


Day. 


Gauge 
reading. 


Authority. 


1832 




Feet. 
40.8 

20.3 




Feet. 


Ka)or Merrill (Chief of Engineers' 
Report 1873, page 618). 

T.finiAvillA ATiH PrnrtJanH riima] rcwu 


1851 


Mar. 2 


Oct.5 


1.6 

1.1 

1.5 

2.0 

2.8 

1.8 

3.0 

2.8 

2.00 

2.30 

1.75 

2.70 

3.70 

2.20 

2.90 

2.20 

2.80 

L70 

4.70 

3.20 

2.00 

2.90 

2.40 

2.00 

3.60 

3.80 

3.60 


1856.... 






orda, corrected by deducting 35 
feet MiOor MerriU (CHiief of 
Engineers' Report, 1872, page 

MajorMerriU (Chief of Engineers' 

Report, 1873, page 518). 
T^Mfaville and Portland Canal m<v 


1868 


Jnnel7 


19.1 

33.8 

18.6 

87.6 

22.3 

24.8 

20.95 

18.30 

22.35 

30.30 

32.60 

29.90 

15.60 

19.60 

80.00 

22.60 

37.40 

43.80 

46.60 

21.70 

82.70 

32.60 

16.10 

13.80 

35.40 

32.40 


Sept 28 


•185» 


Feb. 24 


Sept. 20 


orda, as above. 
"Do. 


1866.... 


,Tfln, 1 


Aug. 18 


Do 


1867 


Mar. 15 


Oct 22 


Do. 


1868. . . . 


Mar. 31 


July 30 


Do. 


1860..:. 


Apr.4 


Aug. 25 . .. 


Do. 


1872.... 


Apr.l4 


Octl7 18 


Do 


1873.... 


Dee. 19 » 


Sept 27 


1874 


Feb. 26 


Sept 22^28....!!!! 
Sept 20 


Do. 


1875.... 


Aag.7 


Do 


1876 


Jan. 30 


Deo.l8-i9 


Do 


1877. . . . 


Jan, 21-22 


Oct 11 12 


•Do. 


1878 


Dec.17 


Oct 27 


Do 


1879 


Dec 28-29 


Oct 18-27, Nov. 13 

Oct 2-6, 29 

Sept 10-14, 18-22 . . 

Oct30-Nov.4 

Sept 24-25 

Sept 23-25, 27 

Oct 11-14 


Do. 


1880 


Feb. 19 


Do 


1881.... 


Feb.l7 


Do* 


1882 


Feb. 22 


Do. 


1883 


Feb. 16 


Do 


1884 


....do 


Do! 


1885.... 


Jan. 21 


Do. 


188(1.... 


Apr. 10 


Oct28-Xov.2 

Nov. 22 


Do. 


1887 


Feb. 6 


Do. 


1888. . . . 


Apr. 1-2 


Aug. 12 


Do. 


1889 


Feb. 22-23 


Sept 15 

Aug. 7-9 


Do. 


1890.... 


Mar.28 


Do. 


1891 


Feb. 27 




Do. 








■ 



OHIO RIVER, LOUISVILLE (LOWER), KENTUCKY. 
[Zero of gauge 392.85 feet (preliminary value) above the Cairo datum plane.] 



1832. 
1856. 



1868. 



1859. 
1866. 
1867. 
1868. 
1869. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 

1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 



1890. 
1891. 



June 17. 



Feb. 24.... 
Sept 27... 
Mar. 15... 

Jan. 11 

Apr.4 

Apr. 14... 

Deo. 19 

Feb. 26.... 

Aug. 8 

Jan. 30 

Jan. 20-22. 
Dec.17.... 
Deo. 28-28. 



Feb. 19.... 
Feb. 17...., 
Feb. 22.... 

Feb. 16 

Feb. 16.... 

Jan. 21 

Apr. 10.... 
Feb. 6.... 
Apr. 1.... 

Feb. 23 

Mar. 28... 
Feb. 26-27. 



67.5 



42.3 



67.6 

41.8 

62.2 

48.8 

49.0 

45. 37 

42.80 

47.60 

55.00 

58.00 

65.20 

42.50 

44.60 

55.50 
47.60 
63.00 
70.10 
72.00 
47.00 
58.40 
58.40 
40.60 
36.60 
61.20 
58.00 



Oct3. 



Sept 20 

Aug. 18 

Oct. 22 

Oct 29 

Nov.17 

Oct 17-18 

Oct l-."^, 8, 11-17 . . . 

Nov.l.S-16 

Sept 20-22 

Dec. 18 

Oct 11 

Oct 27 

Oot.l8-26,Nov.ll- 
12. 

Oct 4^ 

Sept 21-22 

Nov. 1 

Sept2.V24 

Sept 24 

Oct 14 

Oct 28 

Oct 21 

Aug. 12-13 

Sept 15 

Aug. 6-9 



1.0 
L6 



2.5 

4.7 

3.0 

6.1 

4.1 

1.60 

3.01 

2.80 

4.10 

5.30 

3.10 

3.70 

2.80 

3.60 
2.60 
5.80 
3.40 
2.90 
3.70 
3.20 
2.70 
6.00 
4.80 
7.60 



Mi^ior Merrill (CJhief of Engineers' 
RepOTt, 1872, page 436). 

Louisville and Portland Canal rec- 
ords, corrected by deducting 8 
feet. Mqjor MerriU (Chief of 
Engineers* Report 1872, page 

Do. 
Do. 
Do. 
Do. 
U. S. Engineer gange records. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
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OHIO SIVSB, PADirCAH, KENTUCKY. 
[Zmo of gange 806.40 feet above the Cairo datum plAne.] 





Higheai. 


Lowoai. 


. 1 


Year. 


Day. 


readUig. 


Day. 


Gauge 
reading. 


Authority. 


1866 




FeeL 




Feet. 
0.00 


U. a Signal Service. 

Missisiuppi River Coromiasiondis* 

oharffe party.* 
IT. S. STgnal Service gauge records. ' 
Do. 


1867... 


Har.21 


51.97 




1874 




Nov. 8-10 


0.92 
8.25 
0.26 
0.25 
0.92 
0.80 
1.90 
0.00 
2.94 

1.00 
LOO 

« 2.50 

1.60 
0.80 
2.90 
2.80 
4.10 


1876 


Mar. 21 


44.83 
44.92 
88.83 
20.00 
88.83 
44.00 
40.60 
49.96 

50.70 
54.30 

38.00 

60.40 
46.80 
40.60 
81.40 
46.50 


Oct 24 


1876 


Peb.5 


Dec. 29-30 


Do. 


1877 


Jan. 27 


Sept. 15-W 

Oct 30-31 


Do. 


1878 


Apr. 29 


Do. 


1879 


Jim. 25 


Oct. 16 


Do. 


1880 


Mar. 22-23 


Oct 12-13 


Do 


1881 


Feb. 23-24 


Sent. 17 


Do. 


1882 


Feb. 26 


Jfov. 5 


Miiiaiasippi Blvei Commlaaion dis- 
charge party. 
U. S. Signal Service gauge records. 

gauge records. 
Hfeh water, Mississippi River 

Commission gauge records. 

Low water, IT a Signal Service 

gauge records. 
U. S. Signal Service gauge recorda. 
Do. 


1883 


Feb. 25 


Sept 16-18 

Nov. 11-15 


1884.... 


Feb. 23 


1885 


Jan. 25 


Oct. 19 


1886 


Apr. 17 


Oct 31-Nov. 5,9-10 
Oct 26 


1887 


Mjir.8 


1888.. 


Apr. 4-6 


Aug 16 


Do. 


1889 


Feb. 20 


Octfil-SB 


Do. 


1890.... 


Har.ll 


July 23-24 


Do. 









*Mr. C. E. Bateman states in his Ms. report to Colonel Merrill on the establishment of the Faduoah 
gauge that the high water of 1867 would read 63.00 on the gauge. 

OHIO RIVER, CAIRO, ILLINOIS. 
[Zero of gauge 290.84 feet above the Cairo datum plane.] 



1858.. 



1859.. 

1860. 
1861.. 
1862.. 

1864. 

1865. 
1866. 
1867. 



1868. 

1671. 

1872.. 
1873.. 
1874.. 
1875. 
1876. . 
1877. 
1878.. 
1879. 
1880. 
1881.. 
1882.. 
1883.. 
1884.. 
1886.. 
1886.. 
1887., 
1888.. 
1889.. 
1890.. 
1891.. 



June 21-22 . 



Kay7. 



Jan. 28 

Apr. 24-25. 
Mlay2 



May 2 

Mar. 18-19 . 

Mayl 

Mar 20-22.. 



May 19. 



Apr. 19-20. 
Feb. 26.... 
Apr. 26.... 

Aug. 8 

Apr. 1^-7... 
Api.l5.... 

Apr. 29 

Deo. 31.... 
Mar.22.... 
Apr. 20...- 
Feb.26.... 
Feb. 27.... 
Feb. 22-24 . 
Jan. 26.... 
Apr. 19.... 
Mar. 9-10.. 
Apr. 4-5... 

June 24 

Mar. 12.... 
Mar. 4-6... 



49.56 



46. 8t 

37. 3t 
43.2 
50.70 I 

33. 5t I 

47.9 
42.6 
51.0 



45.6 



Nov. 7-17. 
Oct 12.... 



30.20 
41.56 
47.37 
45.12 
46.38 
40.62 
37.04 
86.50 
44.60 
45.80 
51.87 
52.17 
5LT9 
39.00 
61.02 
48.50 
45.35 
.^4. 5: J 
48. M) 
46.21 



Dec. 4 

Aug. 17-18. 
Dec. 14.... 



Deo. 24.. 



Dec. 6 

Oct 15-17 

Nov. 13 

Jan. 26 

Dec. 31 

Jan. 1 

Oct 22 

Oct 10 

Nov. 29-30 

Jan. 7-0, Sept. 9-10 

Deo. 19 

Sept 30 

Sept 23 

Oct. 20 

Nov. J 1-12...... 

Deo. 31 

Jan. 1 

Oct.'SA 

Dec. 25 



5.4 
3.6 



6.5 
9.8 
2.7 



-1.0 

1.00 

2.60 

3.00 

5.30 

0.10 

1.00 

5.92 

2.68 I 

5.70 I 

5.40 ! 

7.80 

4.70 

7.10 

8.30 

3.80 

2.00 

l.SO 

•J. f.4 

H.70 



Humphreya and Abbot Report, 
nage 631, corrected by adding 
9.16, by authority of Captain 
Wiliax^ (Ms., 1891). 
IT. S. Signal Service pamphlet of 
ategea of the Ohio River, 1890. 
Do. 
Do. 
Ml^. H. L. Abbot (Chief of En- 
Sheers' Report 1875, page 568). 
IT. S. Signal Service pamphlet of 
stages of Ohio River, 1890. 
Do. 
Do. 
High water, IT. S. Signal Service 
pamphlet of stages of Ohio 
River, 1890. 
Low water. Captain Benyanrd 
(Chief of Engineers' Report, 
1881, page 1440). 
XJ. S. SignarScrvice pamphlet of 

stages of Ohio River, 1890. 
Major Merrill (Chief of Engl- 

neers' Report, 1872, page 429). 
U. S. Engineer gauge records. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
iKi'. 
Uu 
Do. 
Do. 
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OUACHITA HTVEfi, CAMDEK, ABJSiJfSAS. 
[Zero of gauge 96.60 feet (preliminary ralne) above the Cairo datum plane.] 





Highest 


XiOwest. 






Year. 


Day. 


Gauge 


Day. 


Oani^e 
reading. 


Authority. 


1882.... 




FeeL 
46.0 


. 


Fiet. 


TJ. S. Signal Service. 
U. S. Signal Service gauge rooorda. 
Do. 


1885 




Dec.8 


t3.4 
2.8 
1.8 
2.3 
2.3 
3.5 


1886 


Nov. 27 


26.8 
35.7 
84.2 
37.7 
38.5 
35.0 


Sept. 12-13 

Aug. 29-30 

Oct. 16-21 


1887.... 


Dec. 13 


Do. 


1888 


Jan. 18 


Do. 


1889 


Jan. 21 •.... 


Oct. 25-30 


Do. 


1890 . 


Apr.7 


Aug. 6 


Do. 


1891 


Feb.6 




U. S. Engineer gauge records. 











OUACHITA BIVER, MONROE, LOUISIANA. 
[2tero of gauge 51.55 feet (preliminary value) above the Cairo datum plane.] 



1874. . . 
1882... 
1884... 
1885... 
1886... 
1887. . . 
1888... 
1889... 
1800... 



Jan. 19..... 

May 24 

Mar. 31- Apr. 4..., 

Apr.6-13 

Feb. 9-14 

May 14-15 



49.1 
48.9 



48.3 
30.1 
33.6 
34.2 
34.0 
43.2 



Sept.2V27 

Oct 18-28 

Sept. 11-13.... 

Oct. 17-23 

Oct. 13-23 

Oct 29, Nov. 6. 
Sept 12-13.... 



0.92 

0.9 

1.0 

0.1 

0.8 

0.9 

2.2 



U. S. Signal Service. 

Do. 
U. S. Signal Service gauge records. 

Do, 

Do. 

Do. 

Do. 

Do. 

Do. 



BED MVER, FULTON, ARKANSAS. 
[Zero of gauge 244.78 feet above the Cairo datum plane.] 



1876., 
1885. 
1886. 

1887. 



1890., 
1891. 



July 17 . 



Apr. 21 . 



Dec. 12 

May7 

Jan. 20 

May3 

Apr. 27-28. 



35.75 



20.9 

27.5 
31.8 
30.8 
84.0 
30.8 



Dec. 16 

Aug. 4-7, Sept lo- 
ll, 25. 

Sept7 

Nov.1-3 

Oct 28-31 

Aug. 16-19 



3.4 
8.3 

0.6 
3.4 
4.0 
4.35 



U. S. Signal Service gauge records. 
Do. 
Do. 

Do. 
Do. 
Do. 
U. S. Engineer gauge records. 
Do. 



RED RIVER, GARLAND, ARKANSAS. 
[Zero of gauge 223.44 feet above t&e Cairo datum plane.] 



1885. 



1890. 
1891. 



Apr. 80. 
Apr. 28. 



28.34 



28.17 
26.84 



Aug. 17-18 . 



Captain Willard (gauge inspec- 
tion report, 1890). 
U. S. Engineer gauge records. 
Do. 



^ RED RIVER, SHREVEPORT, LOUISIANA. 
[Zero of gauge 161.27 feet (preliminary value) above the Cairo datum plane.] 



1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1870. 
1880., 
1881. 
1882. 
1883., 
ISS-t, 
1885., 
1886. 
1887.. 



1890. 
1891. 



June 8-9 

Apr.29-Mayl 

Apr. 22 

July 28 

May 11-12.... 

Jan. 31 

May 16-17-... 

Apr. 4 

Mar.7 

Feb. 21 

Mar. 11-12.... 

May 14 

May 11-12 

Apr. 29 

Deo. 24-26 

May 19 

Feb.3 

May 8 

Feb. 12-13 



25.5 
27.9 
25.8 
31.9 
29.8 
28.4 
24.9 
23.2 
27.8 
31.4 
S5.3 
82.7 
80.5 
18.8 
21.6 
80.3 
3L9 
34.7 
20. 



Sept 28 

Sept 6-7.... 
Nov. 22-23.. 

Nov. 13 

Oct 15 

Nov. 21 

Nov. 1-4 .... 
Oct 28-29... 
Sept 1-2.... 

July 80 

Oct 16-17... 

Sept 24 

Oct 24 

Sept 12 

Sept 8-11... 

Nov.4-6 

Sept 4, 10... 
Aug. 22-24 . . 



I 



U. S. Signal Service gauge recorda. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
U. S. Bngiu<H;r gauge re<.H»r<l.H. 

Do. 
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RBDRIVEB, ALEXANDRIA, LOUISIANA. 
[Zero of gange 64.40 foot above the Cairo datam plane.] 





Highest. 


Lowest. 




Tear. 


Day. 


Gauge 
reading. 


Day. 


Gauge 
reading. 


Anthoritfy. 


1840.... 




Feu. 
85.36 

86.46 
83.30 
30.20 
34.90 
23.00 
32.80 
25.45 
27.lt 
10.20 
21.80 
27.85 
34.85 
25.45 
85.25 

84.30 
27.90 
19.30 
29.60 
81.50 
36.85 
29.05 




Feet. 


Mgjor Merrill, Chief of Engineers' 
Report, 1873, page 521. 
Do. 


1866 ... 








1872 


Apr. 2S^Mayl.... 

June 19-20 

May 8-10 


I)eo.7_i2 


—2 00 
0.00 
—2.00 
—2.20 
-1.00 
-2.60 
-2.60 
—3.10 
-1.60 
—3.70 
1.25 
-2.80 

— 1.00 

—2.05 

— 3.20 
-3.00 
—3.25 

0.25 

— J. 10 


U. S. Engineer gauge records. 
Do. 


1873 


Sept. 24 


1874 


Sept. 26, 28 

Nov.22-23 

Nov. 16-24 

Oct.l4r-l5 


Do. 


1875..:. 


Apr. 27 


Do. 


1876.. . 


Apr. 17 


Do. 


1877 


May 18-19 

Mar 13 


Do. 


1878 


Nov.24 


Do. 


1879 


}£ay26 


Nov.1-5 


Do. 


1880 


Ajpr. 11-13 

Kar.20 


Oct. 27-30 


Do. 


1881 . 


Sept. 20 


Do. 


1^^ 


M«r.l7-10 

Mar.27 


Oct.8 


Do. 


1883 


Octl0,21>22 

Nov.3-5 


Do. 


1884 


June 1,5, May 30- 
Jan.'25 


Do. 


1885 .. 


Oct. 24 


Do. 


1886 


Jiinel7 


Sept 11-13 

Sept. 14-16 

Nov.7 


Do. 


1887 


Deo. 28-20 


Do. 


1888 


Mar.27-28 

Feb. 13 


Do. 


1889 


Sept. 13-14 

Aug. 21 


Do. 


1800 


Hay 10 


Do. 


1801 


Feb. 16-17 




Do. 













ST. FRANCIS MVER, WITTSBURG, ARKANSAS. 



1884 


1 




Nov.lO 


-L66 

—2.55 
-2.53 
—2.00 
-2.70 
-2.48 
—8.24 


Mississippi River Commission 
range record. 


1885 .. 


Jan. 26 


20.37 
42.02 
38.02 
26.70 
12.51 
40.15 
36.08 


Oct. 10 


1886 


Xpt 28 


Sept. 25 


Do. 


1887 


Mar. 10-30 

Anr.24 


Oct 29-31 


Do. 


1888. . 


Oct 10 


Do. 


1880 


Jan. 80. ...T.T-, 


Nov.6-7 


Do. 


1800.... 
1801 


Mar.2ft-27 

Mar.21 


Sept 27 


Do. 
Do. 













TENNESSEE RIVER, CHATTANOOGA, TENNESSEE. 



1887.. 
1874.. 
1875.. 
1876.. 
1877.. 
1878.. 
1870.. 
1880.. 
1881.. 
1882.. 
1883.. 
1884.. 
1885.. 
1886.. 
1887.. 



1890.. 



Mar. 11. 



Mar. 
Jan. 
Apr. 
Feb. 
Jan. 
Mar. 
Feb. 
Jan. 
Jan. 
Mar. 
Nov. 
Apr. 
Feb. 
Mar. 
Feb. 
Mar. 



11. 
25. 
15. 
18. 
13. 
10.. 



10 



3 

28-Mar.l. 

31 

18 

2 



58.05 



54.00 
31.08 
28.07 
10.17 
38.00 
38.33 
22.42 
40.17 
88.17 
42.83 
80.40 
52.20 
27.30 
27.00 
20.60 
42.50 



Nov.7-8 

Oct 27-31 

Oct 18-20 

Oct5 

Sept 14-15 

Oct 6, 7.9-10 

Oct 16. 24, 27-28, 30 

Sept 11-14 

Oct 18, Nov. 11-12. 

Sept 19 

Oct 19-21 

Sept 20 

Oct2;t-26 

Oct 15-17 

July 29 

Oct 22-24 

July 17 



0.67 
2.17 
1.00 
1.17 
0.02 
0.17 
LOO 
0.00 
L67 
0.00 
0.17 
0.70 
L20 
1.20 
L80 
2.10 
2.00 



XJ. S. Signal Service gauge records. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Da 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
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TEmsTESSSE RIYBR. FLOREKGB, ALABAJTA. 





Highest. 


Loweet. 




Tear. 


Day. 


Gaiige 
reading. 


Bay. 


Gauge 
reading. 


Avtiiority. 


1867 




81.1 




Fmt. 


M4dor Menffl (CUef of Engineers* 
"^portL 1872, page 430). 
tJ. 8. EngiiMHir gauge records. 
Do. 


1871 






0.0 

-0.76 

-0.45 

0.02 

0.48 

-0.56 

-0.08 

-0.76 

-0.50 

0.05 

0.98 

L15 

0.40 

0.26 

0.65 

0.60 

0.60 

O.TO 
0.15 
L70 


1872 


Deo.26 


16.35 
22.90 
26.00 
29.38 
19.78 
19.85 
13.55 
21.45 
24.60 
17.40 
29.60 
23.30 
25.20 
17.80 
28.10 

17.60 

20.76 
19.70 
23.80 
22.20 


Oct. 24,28 


1873 


Feb.22 


Oct 21-28 


Do! 


1874 


Apr.l7 


Nov.lO 


Do. 


1875 


Kar.S 


NoY. 8 


Do. 


1876. .. 


Jan 4 


Oct. 21 


Do. 


1877 


Apr. 10 


Aug. 28 


Do. 


1878 . . 


Apr.26 


Sept. 18 


Do. 


1879 


Jan. 20 


Oct,6 


dS: 


1880 


Mar. 18 


Oct. 22-28, 27 

Sept. 14 


Do. 


1881 


Mar.2l 


Do^ 


1882.... 


Jnn,22 


Nov. 15^16 

Sept. 13-26 

Oct. 24-28 


Do! 


1883.... 


Jon. 28 


Do. 


1884 


■Maj'.14-15 

J^Ti. 20 -. 


Do. 


1885 


Sept. 20-22 

Oct. 15-Nov. 1, 
Nov. 10-13. 

Jnly31.Aiig.4.... 

May 28-29.. 

July 19-20 


Do. 


1886 


Apr. 8 


Do. 


1887.... 
1888 


reb.27-Mar.l.... 
Har.29 


Do. 
Do. 


1889i . . . 


Feb. 20-21 


Do. 


1890 ... 


Mar.2-3 


Do. 


1891 


"Mar, 15 . ... 


Do. 













WABASH BTVER, MOUNT CAEMEL, ILUNOIB. 



1884. 
1885. 
1886. 

1887. 

1888. 
1889. 
1890. 



Jan. 6... 
May 22.. 

Mar.l4 . 



Apr. 4-5.. 
June 18 . . . 
Jan. 13-15. 



24.7 
19.8 

22.0 

20.6 
21.4 
25.1 



Sept 16-17, 20-21.. 

Sept 11-12 

Sept 20-21, Not. 

9-12. 
Sept 25-20, Oct 

80-NOV.24. 
Sept 22, Oct 5-22.. 

Oct 10-23 

Aug. 16-21 



tLl 
8.0 
1.4 

0.6 

LO 
0.9 
1.4 



n. S. Signal Service gauge reoortls. 
Do. 
Do. 

Do. 

Do. 
Do. 
Do. 



WHITS RIVER, JACKSONPORT, ARKANSAS. 



1867., 

1871. 
1872. 
1873. 
1874. 
1876., 
1876. 
1877. 
1878. 
1879. 



1881. . - 



1888., 
1884., 
1885.. 

1886. 
1887. 
1888. 

1889 

1890.. 

1891. 



May 24. 
Apr. 13 . 
Apr. 23. 
May 6.. 
Jan. 31.. 
June 13 . 



Feb.8... 
Mar. 12. 

Feb. 22.. 
May 11.. 

Feb. 19.. 
Feb. 15.. 
Jon. 2 . . . 



May 12... 
May 7.... 
May 23... 



Mar. 27-28. 
Mar.l4.... 
Apr. 26.... 



82.83 



22.00 
30.00 
31.05 
26.80 
81.65 
26.40 



12.82 
27.10 

27.10 
81.20 

82.00 
32.80 
30.90 

24.00 
25.80 
26.90 

24.00 
83.85 
23.75 



Deo. 24 

Sept2 

Nov.8-4 

Oct 20 

Dec. 28 

Oct7 

NoT.14 

Nov.8-7 

Sent 18-14, 17-18, 

Aug. 28,' Sept 21 .. 
Aug. 29-30, Sept. 

Sept 23 

Nov.11-17 

Sept ^7, Oct 24, 

Nov. 3-4, Dec. 8. 

Sept.9^11,Nov.l-2. 

Nov. 19-23 



Aug. 10-11, Oct. 
11-22. 

Oct 23-80 

Aug. 9-10 



0.00 

-LIO 

-0.70 

-0.50 

-0.08 

0.50 

0.20 

0.82 

-0.60 

0.20 

LOO 

i.ao 
i.ao 

0.60 
0.80 

0.90 

-0.40 

0.80 

0.80 
2.40 



MiOor Merrill (Chief of Engimeera' 
Report 1872| page 431). 

XT. S. Engineer gauge xeoocds. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
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WHITE BIVliB, CLAXENDONt AKKATfSAS. 





Highest. 


Lowest. 




Year. 


Day. 


Gauge 
reading. 


D.y. 


Gauge 
reai&g. 


Authority. 


1881 




Fut, 


Nov. 19-20 

Oct. 27-81 


Feet, 
6.20 

5.98 
6.35 
4.06 
6.88 
6.60 
8.74 


MiBBisBippi River Commlsaioo 
gauge records. 


1886 


• 
Jan. 8 


33.58 
29.20 
27.90 
25.70 
29.10 
36.63 
29 10 


1886 


May4 


Nov. 12-13 

Nov. 22-23 

Aug. 15 


Do. 


1887 


Mar. 22 


Do. 


1888 


Apr. 8-9 


Do. 


1889. - . . 


Apr. 11 


Oct. 31-Nov. 1.... 
Auff. 12 


Do. 


1890 


Mar. 20 


Do. 


1891 


Mar 19 




Do. 








1 





YAZOO EIVER, YAZOO CITY, MISSISSIPPL 
[Zero of gauge 98.92 feet above the Cairo datum plane.] 



1875 




• 




-4.8 


XT. S. Signal Service. 
Do. 


1882 




36.5 




1884. .. 




Nov. 22 


—1.21 

—2.85 
-0.95 
—2.30 
—0.20 
-1.92 
0.00 


gauge records. 


1885 


Peb 5 7 


22.82 
22.40 
23.80 
23.90 
18.50 
28.82 
28.98 


Sept. 8 


1886 


May 11-12 

Ma^.22-28 

Apr. 26-28 

liiar. 9-11 


Nov. 8-10 


Do. 


1887. . . . 


Nov.23 


Do. 


1888 ... 


Aug. 15 


Do. 


1889 


Oct.30-Nov. 1.... 
Aug. 27 


Do. 


1890.... 


Apr. 26-27 

Mftl-r « . 


Do. 


1801 




Do. 













Appendix 10. 

bepobt of mb. j. a. 0ckbr80n, assistant enginerr, on changes in the bed of 
mississippi river near the head of the passes. 

Office Mississippi River Commission^ 

St LouiSf Mo., June 17, 189L 

Captain : I submit herewith the results of an investigation as to changes in the 
hed of the Mississippi River a short distance above the Head of the Passes. The 
shaded part of the accompanying sketch shows the location of the area examined. 

The appended table shows the maximum depths and mean depths and the widths 
of the 2b and 30 foot depths on 3 sections, as derived from annual surveys made 
from 1880 to 1890 inclusive. It also shows the mean depth of the whole area for 
each of the above years. These mean depths are derived from soundings on 14 sections^ 
which include the fixed sections, whose values are given separatelv* 

The soundings are all reduced to a stage of 2.4 feet on Head of trasses gauge. 

The maximum depths on the lower section lie near the entrance to South Pass. 

This investigation does not develop any law of change. It does not show that 
there \& a progressive tendency to shoaling, nor is there an mvariable effort to increase 
the depth. 

The scours and fills alternate without any apparent regularity. If we compare the 
first five years with the last five we find an average deepening for the last period of 
0.6 feet. 

The increase in the maximum depth of section 1-0 during the last three years was 
quite marked. 

The data from which the deductions were made were derived from the surveys of 
AsaiBtant Engineer C. Donovan, published in the Annual Beports of the Chief of 
Engineers. 

Very respectfully, your obedient servant, 

J. A. OCKERSON, 

Amstant Engineer, 
Capt. Carl P. IPawrey, 

C&rp9 of Engineers, U. 8. A,, 

Secretary Miesiesippi Biver CommieHon, 
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Changes in depifi at Head of Passes, as derived from analysis of the annual smveifs of (), 
Donovan, U, S. Assistant Engineer. 

[See Reports of Chief of Engineers.] 
Office Mississippi Hiver Commission, KoTomber IS, 1800, J. A. Ookerson, assistant engineer. 
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Fut. 


Feet, 






Feei. 


Feet. 






Feet. 


Feet. 


Feet. 


June 1^7,1880 


8.4 


82.8 


25.2 




1,430 


8L4 


27.4 


4,660 


925 


33. S 


28.1 


4,260 


1,100 


26.', 


June 6-0, 1881 


12.2 


36.5 


27.8 




2,030 


85.6 


26.5 


4,660 


1.93C 


86.4 


28.2 


4,858 


920 


27.2 


June 3-lf. 1882 


i;2.4 


85.8 


26.7 


4,400 


2,370 


84.4 


27.6 


4,660 


1,712 


86.8 


27.5 


8,800 


2,218 


27.4 


June 15-17, 1883... 


14.1 


40.8 


28.2 


8,870 


3,120 


40.2 


27.0 


4.130 


3,203 


42.0 


28.7 


5,600 


2,910 


28.2 


May 10-20, 1884... 


13.6 


37.1 


26.1 


4,260 


2.280 


85.6 


26.0 


4,740 


2,100 


45.0 


27.8 


5,810 


2,4«) 


27.0 


May 4-8, 1885 


12.4 


88. « 


24.0 


4.880 


1,400 


33.7 


26.1 


4,140 1,470 


38.5 


26.7 


4.035 


755 


26.0 


April 10-21, 1886.. 


12.7 


34.0 


26.1 


4,050 


2.600 


38.3 


27.5 


5,440, 1,860 


42.8 


28.1 


5,115 


1,240 


27.1 


April 13-10, 1887.. 


14.2 


38.0 


28.8 


4.518 


8,140 


87.1 


27.4 


4,630 3,110 


445 


27.9 


6,180 


3,670 28.0 


April 2-5, 1888.... 
March 26-20, 1880.. 


11.7 


85.0 


26.2 


4,615 2,890 


34.0 


26.9 


4,000; 2,610 


63.5 


28.2 


5,530 


1,305' 27.0 


0.2 


88.3 


27.6 


4,000 2,820 


32.4 


27.7 


4,230' 2,910 


66.0 


27.8 


4,850 


1,000 


27.4 


March 17-25, >,]2(wv 
April 4^\V^- 


1&5 


80.0 


20.4 


4,600 3,550 


30.0 


28.7 


6,175J3,325 


60.0 


30.6 


5,000 


3,300 


29.2 



COMMERCIAL 8TATI3TICS. 



Registered tonnage plying on the Loxoer Mississippi River, reported hy oustom-Jtonses in 
Fittshurg, Cindnnaii, and St, Louis. 



Kame of steamer or line. 


Where enrolled. 


Measured 
tonnage. 


Steamer. 
Ram Brown ,,,,,T»»-f-^- »r-- - 


Pittsburg, Pa 


474.10 


Charles Biwwn . . . .. .. ................. 


do 


544.12 


Alice Browii 


....do 


551.36 


Tom Rees No. 2 


....do 


327.02 


Jim Wood 


....do 


402.12 


S. L. Wood 


....do 


514. 86 


John A. Wood 


....do 


687.52 


Ravmond Homer .......... .... 


....do 


688.58 


Annie K«bcrt<9, ,.,,,.,. ^ , ,,-. 


....do 


342.86 


John Morap ............ r .-..,.. . , - , t ^ ,,-.'.,, - 


...do 


220.51 


Ooorge Shiras 


....do 


140. 27 


Time 


...do 


382.36 


Crescent 


....do 


230.06 


Diamond 


do 


291.36 


Jos. B. Williams 


....do 


• 801.01 


Dick Ful ton 


....do 


357.53 


W.W.O'Neil 


do 


778.96 


Samuel Clarke 


....do 


435.82 


Coal City 


....do 


361.94 


Jos. Walton 


....do 


800.27 


J.P.Walton 


....do 


485.04 


Jos. Nixon 


...do 


807.71 


Fred Wilfton 


do 


408.08 


SmokvCitv 


do 


540.36 


Tom ^Dodsworih 


. . do 


500.35 


Josh Cook 


....do 


884.60 


Bd. Roberts 


....do 


253.89 


Pacific 


..do 


212.91 


Coal Valley 


do 


853.44 


Boas .' 


do 


623.30 


Hornet No. 2 


...do 


289.05 


New South 


Cincinnati, Ohio 

... .do 


846.55 


Ohio ... 


716.40 


Buckeye State 


....do 


66B.93 


U.P.Schenck 


do 


1,17a 39 


GuidingStar 


do 


1.121.01 


Golden Rule 


do 


88L27 


New Mary HouHton 


— do 


1.163. 19 



f^u 




Hi 



^1* 



Eng91 
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liegislered lonnage plfing on ike Lower Misaissippi Uiver, etc. — Continued. 



Kameof 



or line. 



Whero enrolled. 



Measnred 
tonnage. 



Zmm. 

St. Louis and New Orleans Andhor Line 

Helena and Saint Lonis Transportation Company 

Cherokee Packet Company. 

St. Louis and Mississippi valley Transportation Company. 
Cape Girardeau TransportatioB Company 



Qxand total. 



St. Louis, Mo. 

do 

...do 

...do 

...do 



14,619.49 
1,986.92 
1,63^78 

85,98L12 
1, 340. 01 



126,267.73 



Shipments by New Orleans boats and barges for three years. 



Articles. 



Apples 

Ale and beer.* pkgs 



bbls. 

pkgs. 

^ -P « pieces. 

Barley sacks. 

Barley bush. 

Barbed wire .' , lbs. 

Butter do . . 

Bran sacks. 

Cattle head. 

Com sacks. 

Com in bulk bush. 

Com meal bbls. 

Cotton bi^es. 

Cotton-seed meal tons. 

Bffgs . 

Flour. 

Hay tons. 

Horses and m nles head . 

...do.- 

...bbls. 

...do.. 

....lbs. 

...do.. 

...do.. 

.sacks, 
•do. 



:t1t 



Hogs. 

Hominy and grits . 

Pork... : 

Hams 

Meats 



1880. 



Lard. 
Malt. 
Oats. 

Oats in bulk bush. 

Onions pkgs. 

Potatoes do.. 

Eye sacks. 

Bye in bulk bush. 

Sheep head. 

TaUow lbs. 

Tobacco hhds. 

Tobacco, manufactured lbs. 

"Wheat sacks. 

Wheat in bulk bush. 

Whisky bbls. 

White lead lbs. 

Merchandise and sundries pkgs . 

Total tons 



848 
2,508 
88,276 



1,831,163 

9,377 

70,746 

6 

152,903 

8,717,860 

133,697 

2,064 



330,800 

956 

704 

24 

40,247 

6,279 

181,926 

1,789,866 

8,116,680 

16,>846 

403, 173 

89,960 

158 

656 

1,036 



220 



36,767 

418 

1,409,440 

1,046 

1, 184, 295 

189,651 

418,400 



1889. 



427 

2,258 

78,731 

5 



550,343 

3,014 

75,821 

41 

161,252 

12,308,956 

126,979 

801 



297,980 

2,214 

536 

5 

26,400 

4,956 

127,340 

2,135,711 

7,969,345 

9,235 

407,874 

89,707 

127 

687 

60 

17,432 



30,185 

241 

1,651,950 

L013 

1,867,378 

178,480 

518,380 



972 

1,772 

18,676 

10 



118,512 

9; 145 

79,761 

38 

191,397 

5, 844, 042 

90,752 



313,327 
3,350 



21,560 

3.111 

107,290 

1, 739. 676 

6,505,134 

27,998 

864,242 

160,684 

426 

938 

144 



26,000 



51,014 

1,120 

1,247,952 

1,052 

1,924,637 

180,418 

325, 4P3 
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Shipments hy Memphis, Viokshurg, and NaUheti boats for S years. 



Articles. 



Apples bbln. 

Ale and l>t«r pl^SB- 

Baeffing pieces. 

Bamy sack a . 

ikurley bush. 

Barbed wiw lbs. 

Butter lbs . 

Bran sacks . 

Cattle head. 

Com sacks. 

Com in bulk bush. 

Com meal bbla. 

Cotton bales. 

Cotton-seed meal .•. tons. 

rSai bbls . 

Hay , tons. 

Horses and uiules head. 

Hogs .'- . . .bead. 

Hominy and grits bbls. 

Pork... bbls. 

lbs. 

lbs. 

lbs.. 

Halt sacks. 

Oats sacks. 

Oats in bulk bush. 

Onions pkgs. 

Potatoes. 



Meats. 
Lard. 



Rye sacks. 

By© in bulk bush. 

Sheep head. 

Tallow lbs. 

Tobacco hhds. 

Tobacco, manufactured lbs. 

Wheat sacks. 

Wheat in bulk bush. 

Whisky bbls- 

Whltelead •. lbs. 

Merohandlse and sundries pkgs. 



1800. 



1880. 



Total tons. 



2,026 

3:J,127 

40,340 

677 



879,045 

04,761 

30,533 

77 

119,403 



201,064 



270 

173,070 

3,488 

1,834 

181 

4,778 

7,507 

701, 112 

13,606,078 

1,338,620 

362 

123,234 



2,246 

13,365 

1.378 



480,363 
173 



2,000 

536,637 

1,001,650 



125,405 



4,221 

83,434 

70,454 

237 



949,508 
70,656 
57,880 

08,730 



172,031 



178,713 

3,290 

1,505 

266 

3,006 

7,894 

602,447 

7,377,708 

1,571,846 

40 

112,348 



3,211 

12,153 

427 



860,320 
384 



2,546 

646,508 

1,036,330 



114,315 



4,351 

0,011 

18,340 

151 



880.057 
108,166 

28,882 
76 

66,368 



111,141 



13 

173,606 

2.064 

1,335 

99 

8,303 

7,724 

916,666 

5,955.912 

3,098,702 

ISO 

60,319 



5,339 

13,882 

510 



2 

878,907 

400 



2,617 
604,324 

618,395 



82,715 



Shipment of hulk grain hy harges to New Orleans during 1890, 



Date. 


Name of towboot. 


Cora. 


Wheat, 


Oats. 


Bulk 
grain. 


Other 
ftreight. 


Total. 


Jan. 4 


My Choice and bargos - - - r..--,-. 


BUMh. 

64,161 


BmOi. 

32,300 


BfUk, 


Tons. 
2,700 


Tons. 


Tons, 
2,700 
1.350 
8,910 
2,535 
2,920 
3,740 
3,710 
4,210 
6,605 
3,985 
3 370 


6 


E.M. Norton and barges 




LSIW 


9 


Sidney Dillon and barges 

My Onoi^^e and barges 


86,861 

00,499 

78,790 

134,701 

132,606 

150,365 

158, 812 

142, 358 

81,062 

53,964 

80,145 

83,420 

72,480 

67,552 

133,039 

98,617 

163, 039 

115,200 

117,000 

78,029 

155,750 

107,000 

146, »18 

134,420 

104,000 

43,068 


40,305 




8,910 
2,534 
2,206 
3,740 
3,710 
4,210 
4,445 
3.986 
2,269 
1,510 
2,245 
2,335 
2,030 
1,610 
3,725 
2,711 
4,565 
3,225 
3,840 
2,183 
?360 
2,996 
?096 
3,766 
2,910 
1.206 


9 






10 


£.M. Norton and barges 

Port T^fids apd badges - - . t 






714 


13 






14 


My Cholo-e snd barges . „ , _ - 








• 14 


Sidney Dillon and barges 

Henry Lonrey and barges 

My Choice and barges 








17 






1,160 


18 


1 


21 


do 


1 


1,101 
540 


25 


Sidney Dillon and bnrges 

tTav Gould and banre s . , , , . . . 


( 


2,050 
2,245 
2,335 


27 


1 


28 


My Choice and barges 


1 




31 


Sidney Dillon and barges 

Jay Gould and barges 






2,030 
8,315 
3,725 


Feb. 1 


1 


1,705 


3 


Sidney Dillon and barges 

Jay Gould and barges 


::::::::::;!:::::::: 


6 




1,104 


3,815 


8 


My ChoJc-« and bflrges ....... 


1 


4,565 
3,225 
3,840 
&176 


11 


Jay Gould and barges 


( 




8 


Sidney Dillon and barges 

do 

B. M. Norton and barges 


20,160 




092' 


12 




16 






4,300 
8.930 


17 


My Choice and barjges 






035 


19 


SidneY Dillon and barges 

My CBoice and barges 






21 








3^766 
2^910 


22 


£.M. Norton and barges 

Oakland and barges.. 7 








» 







1,085 
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Shipment of Jmlh grain hy barges to Nmo Orleans during i^d^— Continued. 



Dntfl. 



Name of towbontn^ 



Com* 



Wheat. 



Oats. 



Bulk 
grain. 



Other 
freight. 



Total. 



Apr. 



Feb. 24 
27 
27 
28 
Mar. 10 
11 
12 
14 
15 
15 
17 
17 
19 
20 
21 
2.3 
27 
29 
1 
2 
5 
5 
8 
8 

n 

12 
16 



May 



Jime 



July 6 
12 
12 
17 
23 
23 
26 

Ang. 2 
2 
9 
16 
21 
23 



30 

Sept 3 

3 

4 

8 

12 

13 

20 

20 

27 

Oct 4 

U 

18 

25 



Sidney Dillon and barges. 

do 

E. M. Norton and barges . 

Hy Choice and barges 

£. M. Norton and rarges . 
Sidney Dillon and barges. 

Hy Onoioe and barges 

Sioney Dillon and barges. 

Jay Gonld and barges 

H. jf . Hoxie and barges . . 

Hy Ch<^4qe and barges 

■ barges. 



106,000 
72,800 
101,576 
83,000 
74,760 
68,455 
86,200 
163,700 
153,700 
103,000 
145,000 
155. 010 
115,900 
157,851 
100,000 
72,999 
99,053 
105,000 
156,243 
134,000 



Bvth. 



Buih. 



152,000 



47,600 



86,044 



Sidney Dillon and 
Jay Gonld and barges 
Hy Choice and barges ... 
Sioney Dillon and iMurges. 
Hy Cnoioe and barges ... 
Sioney Dillon and barges. 
My Choice and barges ... 
Sioney Dillon and barges. 
Hy Choice and barges . . . 
Sioney Dillon and barges. 
Jno. Gifanore and barges . 
Hy Choice and barges . . . 
Sidney Dillon and iMU'gA. 
Henrp Lonrey and barges 
Hy Cnoioe and barges ... 
Future Cil^ and barges. . . 
Sidney Dillon and barges. 

Wooosand barges 

Sidney Dillon and barges. 
Jno. Gilmore and barges . 
ffldney Dillon and barges. 

Oaklimd and barges 

Sidney Dillon and bargee. 
Henry Lonrey and barges 
Sidney Dillon and barges. 
Jay Grould and barges — 
Sidney Dillon and barges. 
Henry Lourey and barges 
SidneyDillon and bai]^. 
H. H. noxie and barge . . . 
Sidney Dillon and barges. 

Oakland and barges 

Sidney Dillon and barges. 
Hy Choice and barges — 
Jno. Gilmore and barges. . 
Hy Choice and barges — 

...do 

...do 

H. M. Hoxie and barges 130, 000 

Oakland and barges ■ 200,002 

Fntare City and bargeB i 5G, 000 

Sidne^ Dillon and barges I 79, 000 

Jno. (iilmore and barges 82, 000 

Sidney Dillon and barges j 1 00, 000 



15, 160 
'20,289 



39,463 
*80,"39i 



10,000 
45,518 
50,000 
86,425 

128,714 
90,454 
60,081 

137, 149 
90,869 



148, 210 
47,189 
18,978 



92,402 
45,360 



42,830 

'io.'sso' 



96,356 
96,098 

148,000 
48,360 

151,621 
88,713 

147, 474 
74,010 
83,143 
96,500 
50,000 

116, 350 



16,000 



39,0<K) 



Henry Lourey and barges 

Jay Gould and barges — 

SioneyDillon and barges. 

H. H.Hoxle and barges . . . 

Sidney Dillon and barges. 

do 

....do 

....do 

Hy Choice and barges I .. . 

Sioney Dillon and barges. 

Hy Cnoioe and barges — 

Sidney Dillon and barges. 
do 

Jay Gonld and barges — 

Hy Choice and barges 

do 

Jay Gonld and barges 

Hy Choice and barges — 
do 

Jay Gould and barges 

— do 

....do 

....do 

...do 

Sidney Dillon and barges. 



73,000 
48,000 



58,500 
44,000 



60,000 
40,000 
18,100 
65,000 
63,086 
59,437 
20,000 
60,000 



47,000 
6i,389 



16,000 



100,000 



35, 0(K) 
20,000 



60,000 
'ii,"356 



36,195 



Tons. 
2,940 
2,025 
2,845 
2,323 
2,095 
1,916 
2,415 
4,305 
4,305 
2,886 
4,075 
4,340 
3,695 
4,420 
2,800 
2,650 
2,770 
2,940 
4,375 
3,752 
1,183 
4,255 
2,410 
1,830 
4.445 
8,820 
571 
280 
4,060 
2,760 
2,420 
3,605 
8,810 
1,403 
4.440 
2,745 



2,695 
3,196 
4.145 
1,356 
4,245 
2,490 
4,130 
2,074 
2,885 
2, 701 
1,400 
3,260 
8,640 
5,600 
4,570 
2, 210 
3, 340 
3,400 
2,045 
3, 210 
1,800 



840 



1,640 
1,230 



1.680 
1,120 

505 
1.820 
1,770 
1,665 

560 
1,680 



1,316 
1,800 



420 
1,086 



Tons. 



1,112 



1,095 



1,164 



1,255 



2,060 
*i,i85 



1,123 
1,092 



900 



1,659 
1,905 



1,630 



1,400 
2,742 



3,115 

'i'sio 



2,340 
'2,'875 



1,726 



1,689 
2,280 
1.565 
1,216 
1,080 



1,630 
1,194 



1,200 
2,005 



1,610 
1,935 
2,085 



2,245 



620 
1,160 



1,340 



1,440 
1,764 



1,170 
1,210 
1,250 
650 
1,130 



Tons. 
2,040 
2,025 
2,845 
3,435 
2,095 
1,916 
3,510 
4,305 
4,305 
4,060 
4,075 
4,340 
4,050 
4.420 
2,800 
4,710 
2,770 
4.125 
4,875 
4,875 
2,276 
4,256 
2,410 
2,230 
4,446 
8,820 
2,230 
2,186 
4,050 
2,760 
8,950 
3,606 
6,210 
4,146 
4,440 
2,746 
8,116 
2,696 
6,086 
4,146 
3,606 
4,246 
4.866 
4,180 
3,800 
2,886 
4,890 
8,630 
4,825 
4,856 
6,680 
4,670 
8,840 
4.640 
8,400 
8,245 
5,215 
1,800 
1,610 
2,275 
2,085 
1,640 
1,230 
2,245 
1,680 
1,740 
1,665 
1,820 
1,770 
1,665 
1,900 
1,680 
1,440 
3,080 
1,800 
1,170 
1,210 
1,260 
1,070 
2,216 
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Sk^meHt of bulk grain by harge% to New Orleana dming i^df^— Continued. 



Date. 



If ame of towboat. 



Com. 



Wheat. 



Oate. 



Bulk 

grain. 



Other 
freight 



Total. 



Kov. 1 

8 

15 

17 

20 

22 

27 

Dec 1 

3 

4 

6 

12 



Sidney Dillon and bargee 

do ; 

....do 

Jay Gould and barges 

Sidney Dillon and barges 

Jay Glenld and barges 

....do 

....do 

Sidney Dillon and barges 

Jav Gfonld and barges 

Sidney Dillon and bar^ea 

Sidney Dillon, My Unoico, and 
barges , 



Bush. 
25,000 



Buth. 



71,709 
50,000 



Bush. 
50,000 



15, 518 



16,050 



Total 8,717,849 



50,000 
50,000 
75,000 



57, 512 
42,488 



Tont, 
1,600 
2,150 
1,600 



1,600 
1,600 
2.250 
335 
1,710 
1,290 



450 



Tons, 
875 
850 



960 
925 

Hi 



1,040 
2,060 



1,409,410 



89,900 



287,630 



84,306 



T$nM. 
2,376 
3,000 
1,500 
980 
1,500 
2,425 
2,260 
1,250 
1,710 
1,290 
1,040 

2,510 



371,996 



Appendix D. 



report of captain 8. w. r0e9slbr, corps of engineers, upon operationb in thb 
first and second districts. 

United States Engineer Office, 

Memphis, Tenn,, June £5, 1892. 
General: I have the honor to submit the following report of operations in the 
first and second districts for the period May 31, 1890, to May 31, 1891. 

The first district extends from the mouth of the Ohio River to the foot of Island 
Ko. 40, embracLDg 220 miles of river. The second district extends from the foot of 
Island No. 40 to the mouth of White River, a distance of 173 miles. Works of im- 
provement have been executed at various points and will be noted in order, beginning 
at the upper end of the districts. 

The districts were in charge of Capt. Smith S. Leach, Corps of EngiaeeiB, to June 
*19, 1890, and have been in my charge since. 

C0LX7MBUS, KENTUCKY. 

The act of August 5, 1886, app^priated $18,750, and the act of Angust 11, 1888, 
$25,000, for work at this point. The object for which the appropriations were made 
was to protect the town of Columbus from threatening danger of destruction on ac- 
count of rapid caving of the bank in its front. 

The project prepared by the district officer for this purpose and as approved by the 
Commission and the Secretary of War, provided for the construction of five crib dikes 
of brush and stone so spaced i^art as to protect about 2,200 feet bank where the 
caving was most threatening. Each dike consisted of (1) a foot mat 200 feet long 
up and down stream and extending from the zero contour 300 feet out into the river 
and (2) a single brush crib, 28 feet wide and 8 feet high, placed with its center line 
12 feet upstream of the center line of the foot mat, and extending from the upper 
edge of the niattrt^ss to a point 240 feet beyond the low-water contour. 

During the working season of 1889-^90, Dikes Nos. 4 and 5 were completed, and the 
foot mat of Dike No. 3 and shore half of the foot mat of Dike No. 2 were laid. 

Preparations for completing the work were commenced in August, 1890. Pro- 

Sosals for brush and poles were opened August 7, Bryant A Pickett, of Hickman, 
^y., receiving the contract at $1.05 per cord for brush and $1.50 per cord for poles. 
The first tow of plant left Plum Point August 30, and the last tow was delivered at 
Columbus, September 14, considerable delay being caused by the bursting of flues 
in the boilers of the steamer Titan on three separate occasions. Grading was com- 
menced September 6, at the site of Dike No. 1. The construction of the mat for Dike 
No. 1 was conunenced September 19, and by October 20 the dikes were completed as 
projected, excepting the crib of Dike No. 3, which was omitted on account of lack of. 
funds. The location of the work and the details and dimensions of the dikes ario 
graphically represented on the accompanying sketch.* 



' Not printed. 
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The conditions were not favorable for doing the work economically. Fair proa 
only was made on account of delays incident to rainy weather, high water, and a 
Under more favorable circumstances there would have been a sufficient amount of 
monejf left to bnild the crib of Dike No. S also, but the omission of this crib does not 
impair the efficiency of the system. On the contrary, it is in one sense an advantage, 
as, from the proposed location, it would have formed an obstruction to boats ap- 
proaching the reffular landing. 

An itemized sxatement of expenditures is herewith, as well as the usual fiscal 
statement. 

HICKMAN, KENTUGKT. 

The improvement at this ]point consists of 1,000 feet of continuous revetment of 
brush and stone, extending from the lower side of the indurated clay point which 
projects into the river to a point near the old railroad depot. This revetment was 
built in the fall of 1889, and is fully described in last year's annual report. No work 
has been done during the current fiscal year. The stone which had been purchased 
for the extension of this revetment and stored on the bank above the town has been 
used in the Osceola bar revetment to avoid transferring it back farther from the 
river, which would have been necessary on account of rapid caving of the bank. 
An inspection of the revetment, made by William M. Rees, assistant engineer, when 
the river had fallen to about two-thirds stace, shows that the shore mattress had sus- 
tained no ii^ury excepting at the lower end, where it had been slightly undermined 
by eddy action. 

At the close of the last fiscal year there remained a balance of $48,647.78 to the 
credit of this work. To this has been added $500 by allotment from the river and 
harbor act, approved September 19, 1890. It is proposed to make a survey of the 
locality during the coining low-water season to determine how the funds can be 
applied to the best advantage. 

NEW MADRID RBAOH. 

An allotment of $1,000 was mafle out of the river and harbor act approved Septem- 
ber 19, 1890, for the purpose of making a survey of this reach with special reference 
to the caving in progress in the vicinity of New Madrid. This survey will be made 
during the coming low-water season. 

PLUM POINT REACH. 

The portion of river included under this head, as designated by the Commission, 
extends from the head of Island No. 26, 147 miles below Cairo, to the head of Island 
No. 35, a distance of 40 miles. The improvements which have been made under this 
title up to the present time extend over a distance of 20 miles of river, beginning at 
a point 1 mile above Daniel Point and ending near Craighead Point. 

At the beginning of the fiscal year there were no funds available for continuing 
the imjprovementin this reach, excepting a small balance for the completion of the 
dikes m Elmot Chute and the chute of Island No. 30. 

An allotment of $297,500 became available out of the river and harbor appropria- 
tion approved September 19^ 1890, which was subsequently reduced to $172,500 by 
the witndrawal of $125,000 for use in high- water protection of levees. The amount 
so withdrawn was restored out of the appropriation approved March 3, 1891, and an 
additional allotment of $322,500 was made, making a total of $622,500 available for 
continuing the improvement, which, according to the expressed wish of the Commis- 
sion, was to be applied to the following objects, and in amounts approximately as 
stated : 

Daniel Point revetment, extension of, upstream $22, 000 

Ashport Bend revetment 366, 500 

Fletcher Bend revetment, completion of 75, 000 

Osceola Bar revetment 119, 000 

Repair of dikes in chutes of Elmot towhead, and of Island No. 80, or con- 
struction of a dam in Gold Dust Chute 40,000 

. 622, 500 

In addition, an allotment of $130,500 became available oat of the approiiriatiou act 
approved September 19, 1890, for the repair and reconstruction of the consolidated 
plant belongmg to the first and second districts. 

RBVKTMKNT AT LOWER END OF OSGKOI.A BAU. 

At the time the first allotment became available, the rcvrtmont ol'tlie lower end of 
this bar had become tlie most urgent work in the reach. The rapid caving then in 
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progress, and which had been yery active since the flood of 1890, threatened to oairj 
away the entire lower end of the bar and to reopen Bullerton Chate, the dikes of 
which, havinff become weakened by affe, were in no condition to stand a heavy strain ; 
an event, had it occurred, which womd have destroyed at one blow all the good re- 
sults obtained from the Osceola Bnllerton system oi dikes built in the earlj history 
of the Plum Point improvement. Therefore all the work which it was possible to do 
in this reach in the few months remaining before the beginning of the high water 
season was done at this point. 

The project for the protection of this bank as submitted by the district officer and 
as finally approved by the Commission and the Secretary of War, provide d for a con* 
tinuons revetment of brush and stone mattress, beginning at the head of Bullerton 
towhead and extending 7,000 feet upstream, tenninating at the npp^ limit of 
caving. 

On my return to Memphis after the October meeting in New York, I immediately 
commenced preparations for executing the work, but there being no reserve stone 
supply in the reach that could be drawn on, the date of beginning active field work 
was deferred until there was enough stone in sight to sink the first mattress after it 
should be completed. Grading with the hydraulic jet was commenced November 8 
with one pile driver, and .on the 11th hydraulic grader No. 2 was put in commission. 

The construction of the first mattress, 1,100 feet long, was commenced on Novem- 
ber 14 and completed December 2, bnt owing to nonarrfval of stone was not sunk till 
December 4. The second mat, 1.200 feet long, was commenced December 9 and com- 
pleted and sunk on the 19th. A second revetment party, having completed the re- 
pairs to the Hopefield Bend revetment, commenced the construction of the third 
mat, 1,100 feet long, on the 23d, and as soon as 600 feet of mat had been built the 
fourth mat was commenced by the first party on the 90th. Mat No. 8 was sunk on 
January 5, and mat No. 4 on January 13. 

In detaUs of construction the mat work was the same as that used at Daniels 
Point, the shore extension being built simultaneously with and woven into the river 
mat before sinking. At parts of mats Nos. 3 and 4 this method could not be fol- 
lowed on account of the low banks, which were almost submerged by the rapidJv 
rising river. Here connecting mats were resorted to,* which were sunk Febmary 3, 
after being afloat some days on account of nonarrival of stone. 

In addition to the regular bank protection, 4 brush and stone cribs were con- 
structed to close small chutes : One between head of BuUerton Towhead and small 
towhead, 100 feet long, 20 feet wide, and 11 feet high ; one between head of Buller- 
ton Towhead and foot of Osceola Bar, 312 feet long, 35 feet wide, and 5 feet high ; 
one opposite Mat No. 3, 100 feet long, 40 feet wide, and 4 feet high; and one 100 &et 
long, 32 feet wide, and 3 feet hi^h, near the upper end of the bank revetted. The 
cribs were all placed on foundation mattresses of sufficient width to prevent under- 
mining by scour. The small towhead at the head of Bullerton Towhead was re- 
vetted at the upstream salient, where it was exposed to the full force of the current. 

From the veiy beginning of the work exceptional difficulties were encountered, 
caused principally by high water and drift. The latter was very tronblesome ana 
it would have been impossible to construct and sink with safety any one of the 
four river mattresses built during the season without the aid of a drift boom, 
located above the mooring barges, to arrest and deflect the mass of the drift ana 
prevent its lodgment at the head of the mat. The most difficult experience occurred 
during the rise which culminated November 23. On this date the river was fairly 
covered with drift, and in order to save the first boom and the mat already con- 
structed, it was found iieccBsary to throw out a second boom some distance above 
the first one. On this occasion the entire force was occupied two days in fighting 
drift. 

Mr. Nolty, assistant engineer, was in immediate charge of this worlc and it is to 
his credit that no mattresses were lost under the great difficulties with which he had 
to contend. His report is hereto appended. 

The following is the result of the season's work at this point: 

Length of bank protected feet.. 4>500 

Number of subaqueous mattresses 4 

Dimensions of subaqueous mattresses Nos. 1, 3, and 4 feet. . 1, 100 by 200 

Dimensions of subaqueous mattress No. 2 do... 1,200 by 200 

Dimensions of shore mattresses (average) do... 4,600bv 60 

Crib work cubic yards.. 3,933 

Foundation mats for cribs (estimated) square yards. . 3, 000 

The total expenditure to date on account of this work is $68,389.07, or $15.15 per 
linear foot. This does not include any chaige for office expenses which have not at 
this writing been distributed among the different allotments. Considering the dif- 
ficulties of the work, the cost compares very favorably with that of aimflar work 
done in former seasons. 
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Three-fifths of the stone used was supplied by the general service, the qnarry 
price being 65 cents per onbio vard. The remainder was obtained from the supply 
at Hickman, and by open market purchase, at $1.65 per cubic yard, delivered on 
barges at the work. 

The brush and polecr were obtained by an open-market purchase, the work not 
permitting the delay of an advertisement. The prices paid were $1.02 per cord for 
brush and $1.65 per cord for poles. 

An infection of the revetment since the late flood shows it to be in perfect condi- 
tion, when active field oi>erations were discontinued in February it was feared 
that a part of the upi»er end might be lost during the flood, as the current seemed 
to set in strongest at that point. Happily, these fears have not been realized, due 
to the fact that the middle ground between Osceola Bar and Plum Point has ex- 
tended itself downstream several hundred yards, causing the current to exert its 
maximum attack at a point lower down on the revetment. In view of this change 
in the position of the channel crossing, it is probable that a lesser length of revet- 
ment than originally contemplated will suffice to check all the caving at this point. 
From present indications I am of the opinion that the upper 1,000 feet of the pro- 
posed revetment can be safely omitted. 

The usual exhibit; giving the expenditures for stone, brush, labor, etc., is sub- 
mitted herewith. 

DIKES IN ELMOT AND ISLAND NO. 80 CHUTES. 

• 

The last annual report of the district oAcer reported these dikes within a few days 
of completion. Ehnot Chute Dike was completed June 12, 1890. In Island 30 Chute, 
the last 220 feet of tiie dike, where it crosses the deepest water, had not been entirely 
finished when the incomplete work was broken through bv the pressure of drift on 
June 2. The depths ranging from 16 feet below zero at the upstream row of piles 
to 57 feet below at the downstream row, the continuation of the dike on the old line 
was deemed impracticable and a new line was selected, in the form of a redan, with 
the apex about 75 feet upstream of the front row of piles of the standing dike. This 
location brought the new structure into comparatively shoal water. As the original 
foot mattress extended 75 feet above the dike, no new mattresses were thought ne- 
cessary. The work of closing this gap was commenced July 7 and completed July 
25. The new work was built on the original design but was given greater strengui 
by the insertion of a second set of horizontal braces placed on the level of mid stage. 

Elmot Chute Dike remained intact until November 24, on which date the drift broke 
through where the structure crossed the deepest water, or about 400 feet from Elmot 
Bar shore. It is noted that this event occurred the day following that on which so 
much difficulty was experienced in saving Mat No. 1, at Osceola Sar, from destruc- 
tion by the large quantity of drift which came down on that day. The ffap thus 
made was about 125 feet wide, and the adjacent portions of the standing, dike, espe- 
cially that next to £lmot Bar. were badly broken up. Owing to the unfavorable 
conditions of high water ana presence of floating drift, the work of closing the 
gap was not commenced till December 16. The depths being too great to continue 
the dike on the original line, the new work was given the form of a redan so as to 
bring the structure on moderately shoal ground. An additional set of horizontal 
braces was inserted at the level of mid stage, and the adjacent portions of the stand- 
ing dike were strengthened in the same way. Process was slow, being greatly 
retarded by rising river, rapid current, and floating drift, and the work was not com- 
pleted tin Februarv 5. 

The completed dike in chute of Island 30 remained intact until February 3, 1891, 
on which date the accxmiulated drift again broke through, destroying nearly the 
whole of the new work built in July,18^, and leaving a gap about 2S) feet wide, 
with the ends of the standing dike badly broken u^. After this second failure I en- 
tertained serious doubts as to the ability of any pile dike of ordinary strength to 
resist the pressure of the diift that was likely to accumulate against it, and no steps 
were taken to close l^e gap. The strong current which was maintained through the 
gap during the remainder of the flood has caused a deep excavation within and 
below the ^ap. Considerable caving also has taken place along the bank below the 
gap, result mg in the destruction of about 2^000 feet of the Plum Point Levee. 

On February 16 a second break occurred m Elmot Dike adjacent to Island No. 30 
shore, where a high deposit had previously been formed and no danger anticipated. 
Two hundred feet of dike was oarried away at this point, together with bank revet- 
ment above and below the dike. After the destruction of the revetment the bank 
caved in rapidly, enlars^iuff the opening to a width of 300 feet before the subsidence 
of the flood. On March 10 a third gap occurred in Elmot Dike, which widened to 
350 feet before the end of the flood. This break also occurred at a point where a 
high deposit existed above and below the dike. 

Al'ter the destruction of the now repair work in the dike of Island 30, no further 
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attempts were made to maintain the dikes during the remaining period of the flood, 
and subseqnent events proved this to have been the beet course to follow. 

The acompanying sketch* of a survey made April 3-15, 1891, shows the locationn 
and dimensions of the existing gap, and the scour produced in the bed and banks. 
A comparison of this map with previous surveys indicating that the effect of the 
dikes as a whole has been benencial in producing a deposit of some extent in chan- 
nels above them, as f^ as the Gold Dust system of dikes. 

I have closely examined both dikes since the flood, and I am of the opinion that it 
will not be expedient or economical to endeavor to close the chutes by repairing the 
old dikes, oven if another attempt at closure should be made with some form of pile 
dike. There are no suitable sites for the new structures which would be required to 
close the existing gaps, and th'e completed dike would still be a weak and uncertain 
one, however strong the new portions might bo made. 

Taking the above facts in connection with the experience gained in Bullerton 
Chute, the conclusion is evident to my mind that pile dike structures are not suit- 
able to close channels of considerable dimensions, such as the two under consider- 
ation, where drift is liable to accumulate in laree masses. They have proved very 
efficient in contracting a channel to smaller wiaths, and on sites where tne tendency 
to deposit already existed, and where the flow of drift was a minimum, also, in closing 
small side channels where but little drift was liable to run. But as structures for 
closing large chutes they have never possessed the requisite strength to resist drift, 
and to this extent have been unsuccossful. 

In compliance with a resolution of tb^ Commission passed at the March meeting, 
a project is being prepared for arresting the flow through both chutes by closing 
their common tributary, Gold Dust Chute, in the vicinity of ran^e 19, shown on the 
accompanying sketch.* In designing the new dike, the central idea wUl be the use 
of a solid dam of brush and stone, similar to that used in improving Alton Harbor 
about 1881. 

An allotment of $40,000 made at the March meeting of the Commission stands to 
the credit of this work. 

DANIELS POINT RBVKTMENT. 

The improvement at this point consists of a continuous revetment of brush and 
stone, beginning at the extreme lower end of a long caving bend and extending 
5,300 feet upstream. It is fully described in the last annual report of the district 
oflicer. 

After the subsidence of the flood of 1890 it was found that the extreme upper end 
of the revetment had been slightly undermined by cavinff in the bank, and that at 
a point several hundred feet below the upper end the bauK seemed to have washed 
out from underneath the revetment, causing the latt«r to settle several feet below 
grade, but producing no rupture in the mattress. An inspection of the work since 
the flood oi 1891 shows a rupture in the revetment where the settling had occurred 
last year, but no additional injury is noted at the extreme upper end oi the revet- 
ment, where the caving in the unprotected bank seems to have ceased for a distance 
of several hundred feet. With these exceptions the revetment remains in perfect 
condition. 

The proposed work for the current year is an extension of the revetment a distance 
of 500 or 600 feet upstream, so as to secure the present head of the revetment which 
on account of the caving of the unprotected bank has assumed a salient position 
with respect to the bank above. It is proposed to expend about $12,000 on this ex- 
tension and in repairing the rupture in the mattress above noted. The balance of 
the $22,000 allotted for this point it is proposed to hold in reserve for possible use 
another season, to extend the work of this season should it in time become endangered 
by the caving of the bank above it. 

▲SHPORT BKND. 

The caving in this bend, though never very rapid, has been aetive throuffhout the 
year. A comparison of the surveys of October, 1890, and May, 1^1, of which tracings 
are furnished herewith,* shows that during this interval the caving extended over a 
distance of 15,400 feet, beginning at a point about 4.400 feet below Ashport Li^ht 
and ending at Gold Dust. The most active caving has taken place in tne vicinity 
of range S and range 26-|-900, being 300 feet at the former and 200 feet at the latter. 

The shape which the bend now has is a suitable one to hold as a pennanent bank 
line, and for this reason the Commission has made allotments aggregating $366,500 
to revet the entire bank between Ashport and Gold Dust, or so much of it as may be 
necessary. It is expected to complete this work, or nearly so, during the coming 
season, if the conditions, mainly of weather and stage of river, prove favorable. 

*Mot ininted. 
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FLETCHER BEND REVETMENT. 

The revetmentB in place at the time of the last annual report are known as sec- 
tions A, B. C; D, and £. Section A is a continaons revetniont 7,800 feet long, and 
protects tne upper end of the bend. Sections B, C, D, and E protect the lower end 
of the bend, and taken together oonsHtnte the experimental interrupted system of 
revetment authorized by the Commission with the view of ascertaining whether 
short intervals of unprotected bank might not safely be left between blocks of con- 
tinuous revetment, thus decreasing the cost of a given .length of protection. Tho 
interval between sections B and C is 300 feet; C and D, 400 feet; D and E, 500 feet. 
As was to be expected, some caving has taken place in the unprotected intervals, 
but not to any serious extent. The lower end of section E has been undermined, 
and it is probable that an extension of this block a short distance downstream may 
be necessary. While the interrupted system has safely stood the effects of two 
floods, it has at no time been subjected to a strong attack of the current, and, there- 
fore, no conclusion can safely be drawn as to its efficiency in very exposed situa- 
tions. Section A remains unii^ured. 

The rebalLosting of the shore mats of sections B, C, D, and E is in progress at 
present writing. This work was authorized by resolution of the Conmiission, and 
will be paid for out of the allotment for care and preservation of existing works. 

The work authorized for the current year, and for which an allotment of $75,000 
is available, is the revetment of the unprotected interval. 3,800 feet long, between 
sections A and B. The stone required l&t this point is nearly all delivered and stored 
on the bank at sectioh A, and the brush and poles have been advertised for. 

CONDITION OP WORKS IN THE REACH NOT ALLUDED TO IN THE FOREGOING PAGES. 

The condition of the Gold Dust and Yankee Bar systems of dikes remains sub- 
stantially the same as at the date of the last annual report. No new iiguries that 
are noticeable have taken place during the year. 

The remnant of tne old Osceola Bullerton Dike at foot of Osceola Bar was removed 
in August, 1890, by the U. ^. snag boat H, G. Wright, it having become a serious 
obstacle to navigation by the caving away of the bank behind it. With this excep- 
tion, the Osceola system of dikes remains unchanged. 

Bullerton Cross Dike, No. 2, which maintains the closure of Bullerton Chute, has 
received no new injury during the year. The revetment of Bullerton Towhead and 
the piece of revetment near the center of Osceola Bar remain unchanged ; neither 
has been subjected to any strain. The injury to the lower end of the Plum Point 
revetment has been increased to a slight extent by the caving in progress in the 
unprotected bank, but the added damage is not sufficient in amount to give any 
apprehension as to the safetj^ of this work, especially in view of the fact that tlie 
maximum attack of the current has been transferred from the revetment to a poijit 
on the bank some distance below. 

SURVEYS AND OBSERVATIONS. 

Two complete hydrographic surveys of the reach have been made during the 
year, one in October, 1890, the other in May, 1891. 

Tracings of these surveys are herewith.* The routine weekly observations for 
depths and velocities at the shoal crossings have been continued, except during the 
times when the survey party was employed elsewhere. The rcHults of these observa- 
tions are given in a table accompanying this report. It will be noted that Gold Dust 
Crossing has been added to the listof shoal places heretofore included in the weekly 
examinations. 

CHANGES IN THE BED OF THE RIVER. 

A comparison of the survey of October, 1890, with that of May, 1891, shows that 
important changes in location and positions of the channel have taken place during 
the late flood. The changes in tho positions of the crossings may bo inferred from 
the positions of the Government lights before and after the flood. Ashport Light has 
been moved downstream 900 feet; Fletcher Light, 300 feet; New Haven Light, 600 
feet; Plum Point Light, 1,000 feet: Osceola Bar Light, 2,300 feet: Yankee Bar 
Light, 1,900 feet ; Petty s Light, 1,400 leet. Gold Dust Crossing, while it nas not materi- 
ally changed its position, is not as clearly defined as the others in the reach. This 
was the main trouble with this crossing last year, and will probably be again this 
year. This was also the shoalest crossing in the reach at the time of the last routine 
observations taken on May 25, 1891, the least channel depth being 13 feet at 7.7-foot 

* Not priuted. 

EN a 1)1 :^'Jo 
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stage. From Fletcher Light to the foot of the unprotected bank In this bend the 
ohjumel follows closely the Arkansas shore. Bat from the latter point to a point 
near the middle of the Island 30 Crossing there now exists 2 channels, a new one 
more or less distinct having developed on the Elmot Bar side of the river. The 
inain channel, as heretofore, continues down the Arkansas shore to New Haven Li|:ht, 
hut from the shape which the unprotected niece of bank referred to has taken, wftioh 
is favorable towards the maintenance ana development of the auxiliary channel, 
a radical change in the location of the thalweg in this vicinity may be anticipated* 
Plnm Point, Osceola Crossing, has moved about one-half mile downstream. Buller^ 
ton Channel has practiciUly disappeared by the complete shoaling of the iipper end, 
while Ballerton Gap at the foot of the towhead shows an enlargement. The bars 
and middle grounds show changes corresponding to the changes noted in the position 
of the channel. Considerable accretions have taken place at the foot of Island 90, 
and a corresponding amount of scour has taken place in the middle bar opposite. 
The tail of tne latter has made downstream about 2,500 feet. The bar between the 
former Bullerton Channel and the main channel has been very considerably dimin- 
ished in height and width, and there has been a corresponding approach of the main 
channel to the Bullerton shore. The snrvev of May, 1891, was made at a medium 
stage and on a falling river before the latter had begun to adjust itself to low- water 
conditions, but I think its indications may be accepted as showing a decided ten- 
dency in the channel to resume its former course close to and paraUel to Bullerton 
shore, and to cross to the mainland by what is now known as Bullerton Gap. 

MEMPHIS HARBOR. 

Dnring the low- water season of 1890, the sum of $4,802.33 was expended in dredging 
a channel through the bar to the elevator. 

Work was commenced August 23 and continued through September and a part of 
October. The dredge, whicn was a modified form of the clam-shell type, aid not 
prove suitable for the work, but was the beet one available at the time. Tne material 
excavated was very tenacious and the weight of the digger was insufficient to cause 
it to settle far enough down to bring up a ftdl load. The work was done as an open 
market transaction, at a price of $85 per day for 10 hours' work. As the river did not 
readi a very low stage during the season, the progress, though slow, proved sufficient 
to prevent anv interruption in the steamboat traffic to the elevator. 

Upon completion of the work at Columbus, Ey ., the revetment plant there used was 
transferred to Hopefield Bend, to repair a piece of revetment of 1887, 762 feet long, 
which had been destroyed during the flood of 1890. Grading was commenced October 
13 with second district grader No. 40, and completed November 18, one pile driver 
assisting with one Jet when not otherwise engaged. The mattress plant was put in 
position November 13, and weaving commenced the same day. The subaqueous mat 
and part of the shore mat were completed December 2 and sunk December 4. The 
diore mat was completed and ballasted December 14» The heavy run of drift in the 
latter part of November, and which has been previously referred to in connection with 
the Osceola Bar revetment, gave considerable trouble at this point on November 24, 
after 500 feet of mat had been completed. The presence of a coal fleet several hnn- 
dred yards above protected the shore end of the mooring plant, but the drift accnmn- 
lated in large masses at the outer end of the outer mooring barge. This was subse- 
quently dislodged by letting go the slip lines of the mat head and hauling the shore 
end of the barge upstream. The operation was attended with considerable difficulty 
and great risk, but was successfully carried out without any iniury to or loss of mat. 
Hie method of building the mat was the same as that used at Osceola Bar, the river 
mat being woven into the shore extension before sinking. The mat varied from 290 
to 360 feet in width and terminated at about three-fourui stage. In its construction 
there were used 1,865 cords of brush, 242 cords of poles, and 1,527 cubic yards of 
stone. The total cost of the field work was $13,735.76. 

HOPEFIELD BBKD REVRTMENT. 

A recent examination shows the following breaks to have uc^curred during the flood 
of 1^1. They are noted in order, beginning with the one farthest upstream. 

1. A break 250 feet long in the shore mattress of the 1885 work, extending firom the 
low- water line to the top of the bank. Some of the revetment on the top of the bank 
BtUl remains in place. The repairs required are regrading, paving, and a foot mat. 
llie subaqueous mattresses of the 1885 work were 150 feet wide, but in sinkingwere 
held well out bevond the zero contour by piling along the inner ed^e of mat. This is 
the first point where the current strikes the revetment with sufficient force to cause 
scour. Above this, towards Mound City, the shore mats are decayed and raggedy but 
ivre protected against injury by the sand bar opposite Moimd Cit/. 
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2. From the lower end of the 1685 work there was a piece of revetment 1,600 feet 
long placed in 1884. The shore mattress of this work hae all disappeared. Sound- 
ings taken with a wood pole shod with a steel point disclosed the fact that the sub- 
aqueous mattresB was stul there, heine found at a distance of irom 50 to 80 feet from 
the water line at anll^foot stage. Tnis can be repaired by regrading and paving 
and a snbaqneons mat about 100 feet wide. 

3. The 18o7 work besins at the foot of the 1884 work just described, and for a dis- 
tance of LOOO feet below the upper end the shore mat is badly broken up. In two 
places pockets haye caved back to the top of the grade. The subaqueous mattress 
remains unii^uied, the shore edge being found close to the water line. The repairs 
required aire regrading, paving, and a fc^t mat. 

4. Farther down on the lw7 work, and Just above the repair work of 1890, there 
are two more breaks in the shore work, the upper one 550 and the lower one 150 feet 
in length. They can be repaired by regrading, paving, and foot mats. 

Below the repair of 1890 to Hopefield Point the revetment remains practically un- 
iiHnred, but there is a dcAciencv of baUasl on the shore mat. 

The cost of the above repairs is estimated at about $91,000. A special report has 
been submitted to the president of the Commission, ^ith recommendation that the 
repairs be made this year, and that the funds therefor be taken, if necessary, from 
the allotment for Plum Point Beach. 

SAKD BAB AT UPPBB END OF HABBOB, 

On June 4, 1 received telegraphic notice from the president of the Commission that 
the sum of $15,000 or so mudi tnereof as mieht be necessary could be used from the 
allotments for Plum Point in dredging a fow-water channel to the elevator. In- 
c^uiries were at once made for a suitable dxedge plant and letters addressed to all parties 
in the valley who were likely to know of such plant, to one party in Pittsburg, and 
to a large dredging Arm on the Gulf coast. At present writing no replies have been 
received and no progress made towards commencing the work. The only dredge now 
in view that mav prov# suitable is a suction dredge with an 8-inch discharge pipe 
now being constructed at Memphis and to be completed in about 2 weeks. The 
diaonel to be dredged is about 1,400 feet long, and allowing a bottom width of 100 
feet, side slopes oi 1 on 4, and a depth of. 10 feet below zero stage, the amount of 
material to be moved will approximate 7,500 cubic yards. Should me river not reach 
the sero stage a less amount of dredg^g wiU suffice. 

I recently made a special examination of this portion of the harbor, as r<^uired by 
the river and harbor act approved September 19, 1890, and forwarded my report to 
the Chief of Engineers through Gen. C. B. Comstock, as Division Engineer*. For the 
sake of completeness in this annual statement I quote in i^ll the report referred to. 

" The project for the improvement of Memphis Harbor and Memphis Reach, as sub- 
mitted by Captain (now M^jor) Miller in 18S2, and as approved by the Commission, 
contemplatecfthe revetment of Hopefield Bend irom Mound City down, as the rapid. 
CAving then in progress, by channns the position and direction of the current, 
threatened injurious changes in the oed of the river in front of Memphis. The posi- 
tion of Hopefield Point and the shax>e of the bend above it were at that time favor- 
able to the maintenance of the deep-water channel along Memphis front, by causing 
the main current to set in to the Tennessee shore at the extreme upper end of the 
harbor front in the vicinity of the mouth of Wolf River. In fact so vigorous was 
the attack of the current at this point that the same project contemplated repairing 
and strengthening the revetment already in place in the vicinity of the mouth of 
Wolf River and an extension of the revetment upstream to the mouth of Frames 
Chute. The protection work in Hopefield Bend was commenced in 1882, and begin- 
ning at MouncL City was extended downstream as rapidly as funds were provided, 
beine finally completed hj the extension of the revetment to Hopefield Point in 1888. 
The long period occupied in the execution of the work was due to the absence of the 
necessary funds at the proper time, and Hopefield Point, which was the key to the 
whole situation, was not reached tiil it had caved back about 3,000 feet from the posi- 
tion in which it should have been held. The bank line as finally protected presents 
a nearly straight course along the lower end, and the main current of the river, fol- 
lowing closely the same general direction, has transferred its point of maxiuiuui 
attack from the vicinity ot the mouth of Wolf River to the lower end of the paved 
levee near the foot of Beale street. During the progress of this change in the posi- 
tion and direction of the main river current, an eddy action grew up along the upper 
portion of the harbor, causing the deposit which is the subject of this report. 

The accompanying sketch of a survey made April 21-25, 1890, shows the present 
dimensions of this oar, the numbers inclosed in small circles indicating height of 

*For action of the Division Engineer a^d of the Chief of t)»giuce|-s uw tlu« nwvt 
^ee page 257; Part I, 
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deposit aboTe the plane of zero or low- water stage. Compariog this sketoh with a 
survey made in July, 1890, 1 find that the tail of the bar has been extended about 
500 feet farther downstream, and that considerable accretions of deposit have 
been received on the channel side of the bar, the maximfim expansion being about 
600 feet opposite Hopefield Point. No farther expansion is, however, likely to occur, 
as the zero contour is now but little over 2,000 feet from the Arkansas diore. No 
material change in the height of the bar is noted. 

Taking into consideration the present position of the zero contour, its uniform 
curvature and general parallelism to the zero contour of the opposite bank, and the 
form of the protected bank above Hopefield Point, I think the conclusion is evident 
that the present forces are seeking to establish a new bank line approximately 
along the same contour, and that the only way in which this tendency can be over- 
come and a scour efi'ected which will ultimately remove the bar will be by means 
of deflecting dikes at Hopefield Point. 

All the facts in reference to this evil, excepting the result of the last survey, have 
been presented to and taken under consideration by the Mississippi River Commis- 
sion. In a special report, dated December 10, 1889, to the president of the Commis- 
sion, Captain Leach set forth at length the impairment of the harbor facilities of 
Memphis by the ^owth of this bar, and presented a project which was designed to 
ameliorate the e^ rather than to cure it. The main features of his project were — 

1. To build a training wall or dike 1,500 feet long from the present Mississippi 
bank immediately above the mouth of Wolf River, along a suitable curve so as to 
turn the discharge of Wolf River downstream along the shore. 

2. To increase, if necessary, the natural discharge of Wolf River by clearing the 
banks of its tributary, the Loosa Hatchie, of brush wood and timber, and enlarging 
the section of Sycamore Bayou, which connects the Loosa Hatchie with the Missis- 
Rippi above the head of Old Hen Island. 

The conditions existing at that time were suflBlcient, in the judgment of Captain 
Leach, to justify the hope of success from this method of treatment, but the aggra- 
vated conditions, as they exist at the present time, seriously affect the prospect of 
even a moderate measure of success under this plan, unless^ccompanicd by a very 
considerable and indeterminate amount of dredging over a^listance of about 4,000 
feet from Wolf River down to the lower end of the bar. 

In my judgment the situation has narrowed down to the question whether it will 
be best' to permit the formation of a new bank line, which in time would become 
available for the accommodation of shipping, or to attempt the removal of the entire 
bar by the construction of deflecting dikes at Hopefield Point. If the latter course, 
which I recommend for consideration, should be decided on, there is sufficient data 
on hand without further surveys to prepare a project. The locality is, in my opin- 
ion, worthy of improvement." 

DIKES. 

lu the latter part of May, 1891, the foot of the bluff upon which the Walton Coal 
(.'onipany's incline rests settled about 5 ivof, aiul a jiioce of the bluff about 200 feet 
long and 8 feet wide, opposite the interval brt ween Dikes Noh. 2 and 3, settled ver- 
tically about 8 feet. No further caving has boon noted in the vicinity of the dikes. 
The dikes themselves have sustained no injuries, us far as the surface indications 
show. 

On August 31, 1890, some subaqueous blastiu<; was done in the int'Crval between 
Dikes Nos. 2 and 3, by private parties in the cm]>loy of the Walton Coal Company, 
the object being evidently to destroy a piece of projecting mat or crib which pre- 
vented access at low water to the foot of the incline. The matter bein^ a very 
important one, I i)laced myself in consultation with the United Statf>s district attor- 
ney, and at the same time sent a full report of the lacts to the president of the Com- 
mission. No action, however, was taken, as there appeared to be no law in existence 
at the time of the event, under which the guilty parties could be prosecuted. The 
river and harbor act approved September 19, lo90, furnishes a means for bringing 
before a United States district court all future acts of this kind. 

BLUFFS BKTWKKN DIKES AND BRIDGE. 

A small amount of caving has taken place between the dikes and the revetment 
which has been placed by the bridge company to protect the east pier. This piece of 
bank is 3,800 feet long and is the only part of Memphis front which is not protected 
from caving. Its protection is, in my opinion, important for two reasons, (1) to 
preserve the current in its present perpendicular position to the bridge, and (2) to 
prevent the destruction of valuable property on the l)luff. 

NONCONNAH ROCK 8. 

The ejcamiiiation ordered by the Commission has not been made, iui the river did 
not reach a low enough stage during the year to expose any portiou of the rocks. 
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HELENA HARBOR. 

The act of An^nst 11, 1888, contained an appropriation of $75,000 for work at this 
point. The project, as submitted by the district officer and as approved by the 
Commission and the Secretary of War, provided for a protection covering 3,000 feet 
of bank, consisting of a continuous revetment of 600 feet irom the upper side of the 
elevator doWn, ana of five spur dikes, the first 1,100 and the fifth 2,875 feet from the 
same initial point. 

Work was commenced August 26, 1889, and suspended January 17, 1890, on account 
of lack of funds. The following work remains to be done to complete the project 
on the original plan, and for which the Commission has made an allotment of $22,500 
out of the river and harbor act approved September 19, 1890. 

Dike No. 3. Paved embankment, 8,572 cubic feet of stone. One crib of 10,000 oabic 
feet. 

Dike No. 4. Three cribs aggregating 110,000 cubic feet. 

Dike No. 5. Foundation mat, 192 squares. Five cribs, 27,000 cubic feet. Paved 
embankment, 17,144 cubic feet of stone. 

No injury to tne work in place has been noted during the past year. There is no 
immediate urgency for the completion of the work, as the caving has ceased on the 
site of the revetment and for some distance below. In view of this fact it is my 
opinion that the money available for this point could be expended to better advan- 
tage to the interests of Helena, by applying it to the protection of Trotters Point 
opposite, the maintenance of which and of the bend above is necessary to the pres- 
ervation of deep water along that part of Helena Front now used as a steamooat 
lauding. 

DELTA POINT, MISSISSIPPI. 

Considerable apprehension has been felt regarding the safety of a piece of levee 
which at this point is in close proximity to a caving bank. The maintenance of this 
levee derives its special importance from the fact that there is no site farther back 
within a reasonable distance upon which a new levee could be built at moderate 
cost or without crossing very low ground. No accurate estimate has been made of 
the cost of such a levee in the event of the present one caving into the river, but 
from a rough approximation it is thought that the cost would be in the neighborhood 
of $100,000. As the dangerous caving only extends over a distance of about 1,400 
feet, the cost of a suitable protection, at $20 per linear foot would be $28,000, or 
about one-third that of a new levee. This work is recommended, and I know of no 
point within the districts in my charge where money could be more advantageously 
expended in levee protection. 

SURVEYS, GAUGES, AND OBSERVATIONS. 

No low-water discharges wese obtained for the season of 1890, as the river at no 
time reached what is c^led low-water sta^e. 

After the November rise the fall in the river was quite rapid, and, in anticipation 
of a possible lower stage than had previously been reached, the regular survey party 
was sent to Helena and six observations taken at that point between Decem- 
ber 23 and December 30. On the return of the party to Plum Point four sets of ob- 
servalaons were taken on the Plum Point sections. As, however, the anticipation of 
a low stage was not realized, the observations possess no special value. 

On February 18, the steamer Abhot with discnarge party on board left for Colum- 
bus, Ky., for the purpose of taking the flood discharge at that point, arriving Feb- 
ruary 21. High winds prevented any observation till the 27th. Between this date 
and March 4, when the river came to a stand wtth 41.27 on the Belmont gauge, six 
sets of ob0ervations were taken, the meter method being used. The party then pro- 
ceeded in advance of the flood wave and took one observation at Plum Point section 
March 5. The party then proceeded to Memphis where three observations were 
taken, the last one on the 10th, on which date the river came to a stand with 34.90 on 
the gauge. Observations at Helena were commenced by the same party on March 11 
and continued till April 13, twenty-six discharges being taken. 

Shortly after the first party left its station at Columbus, Ky., a second flood wave 
was reported from the Upper Ohio, and a second discharge party was organized for 
that station, in anticipation of a higher stage than that at which the first observa- 
tions were taken. Observations were commenced March 11, and continued till March 
27, the method used being that of double floats. For the same reason a second 
double float party was organized to occupy the Fulton section, where six sets of 
observations were made. 

All the field notes and field computations except those for the Plum Point sec- 
tions, have been forwarded to the secretary for the ''official'' computations, copies 
being retained for the use of this office. 
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In addition to the above^ two observations for discharges were taken at the Robert- 
sou ville crevasse, but the results are unreliable on account of the existence of an 
eddy in the disoharee section. 

Dnrinff the year six hydro^raphio surveys have been made, two at Plum PolntLal- 
ready referred to under the head of Plum Point Reach, and four at Memphis. The 
latter were limited in extent and covered onlv so much as was under special eoEsmi- 
uation at the time. Of these, three were made with special reference to the bar for- 
mation at the upper end of the harbor, and one with reference to the fimlts in the 
Houefield Bend revetment, caused by the flood of 1891. 

The observations for velocity in a plane 5 feet below the surface, required by a reso- 
lution of the Commission under date £>eoember 4, 1888, have been resumed in Aalmort 
Bend, and all the observations necessary to a study of the questions presented have 
been taken, except one observation at low water. 

Gauge readings have been taken at all the stations Without interruption dunng the 
yeai-. The bulletin frame at New Madrid has been rebuilt, the old one Ymns broken 
and decayed. The gauee poets at Fulton were destroyed on two occasions ny drift, 
but were promptly replaced on each occasion by the regular survey party at Plnati 
Point. A now Dulletin and gauge posts have been placed at Mhoons Landing and at 
Sunflower. 

SUBYET FOR LOCATIOK OF UBVKS ALONG ST. FKANCIS FRONT. 

A survey for this object, from Point Pleasant, Missouri, to Council Bend, Arkansas, 
a distance of 200 miles, was made from October, 1888, to April, 1889, by a party in charge 
of Mr. 8. £. Moore, assistant engineer. The office work of reducing the notes and pre- 
paring the profile was continued till December, 1889, after which it was suspended 
un account of lack of funds. An additional allotment of $900 having become avail- 
able September 27, 1890^ by transfer from the allotment for proteotion of levees, sec- 
ond districL the reductions were resumed and completed November, 1890. Two sets 
of profiles have been made, and the yardage has been checked by a second oompn- 
tation. 

The upper end of the proposed levee rests on the high ground known as Big 
Prairie Kidge, which extends up to New Madrid and many miles north, forming a 
barrier to overflow at all points above in the St. Francis Basin^ excepting at the ex- 
treme upper end, where a depression about 5 miles in width exists between the head 
of the ridge and the foot of Commerce Bluffs. In 1882 the estimated maximum 
escajpe over this depression was 88,000 cubic feet per second, and in 1883, 45,000 
cubic feet per second. This escape reaches the St. Francis tnrough Little Biver. 
The lower end of the proposed levee terminates on the high ground west of the west 
branch of Council Chute. Below this point a levee would m of no material benefit 
unless the St. Francis itself were leveed some distance above its mouth. 

Between these points the line surveyed follows in general the high ground near 
the river, receding therefrom to what was considered a safe distance m cavinf bends. 
Where a rapidly caving bank approaches olose to a lake the levee leavesme river 
and passes around the lake. Whenever favorable ground has existed across points 
it has been located there. Remnants of the old State and private levees have been 
utilized as far as practicable. The total length of the fine selected is 177 miles. 
Adding to this the 23 miles of levee already built at Plum Point Reach, and which 
will form a part of the line, the total length of the proposed levee will be 200 miles. 
Geographically the line may be divided for convenience into three sections, namely : 

Section No. 1, 66 miles long, from Point Pleasant to the upper end of the Plum 
Point levee. 

Section No. 2, 56 miles long, from the foot of the Plum Point levee, near Craighead 
Point, to the high ground at Bradley Landing, in the bend of Islana 40. 

Section No. 3, 55 miles long, from Bradley Landing to Council Chute. 

Much the largest part of the overflow into the St. Francis Basin takes place 
through section No. 1. During the flood of 1882 the outflow was estimated at 
378,502 cubic feet and the inflow at 27,400 cubic feet per second, leaving a net 
escape of 351,102 cubic feet per second. During the same flood the estimated out- 
flow in section No. 2 was 20,362 cubic feet, and the inflow 15,805 cubic feet, leaving 
a net escape of 4,557 cubic feet. In section No. 3 the observations indicated an 
actual discharge from the St. Francis into the Mississippi, the net outflow being 
estimated at 167,310 cubic feet, as against an inflow of 184,771 cubic feet per second. 

At the time the survey was made and the reduction of the notes commenced, the 
engineer in charge contemplated giving the letee crown widths of 6, 8, or 10 feet, 
depending on height of levee, side slopes of 1 on 3, and a grade of 2 feet above the 
highest kaown water. These figures have been used in tne following estimate of 
yardage and cost, although present levee practice would be in favor of a higher 
grade: 

Section No. 1. Length, 67 miles; earthwork, 3,335,521 cubic yards; clearing, 838.4 
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acres. Cost, at 20 cents per cubic yard, $700,640.20. Average cost per mile. $10,457. 

Section No. 2.* Length, 56 miles; earthwork, 1,503,206 cubic yards; clearing. 652.3 
acres. Cost, at 20 cents per cubic yard, $326,733.20. Average cost per mile, $5,835. 

Section No. 3. Length, 55 miles; earthwork, 2^222,526 cubic yards; clearing, 667.2 
acres. Cost, at 20 cents per cubic yard, $471,193.20. Averaee cost per mile, $8,567. 

Adding 20 per cent, to the above for raising grade line wherever necessary, and 
for other contingencies, the total estimated cost is $1,798,279.92. 

The closure of this front should begin at section 1, where the expenditure of a 
f^ven amount of monev will accomplish the greatest amount of benefit in restrain- 
ing the overflow into the St. Francis Basin. 

Further details are given in the report herewith of W. M. Rees, assistant engineer. 

SURVET FOR LOCATION OF A UEYEB TO COMNBCT THE HELENA AND LACONIA LEVEES. 

At .the time the allotments for levees were made available in November, 1890, very 
little was known of the country through which the extension of the Helena levee 
would run, and the local levee board were unable to give sufficient information upon 
which the location of the proposed levee might be based. A hasty examination was 
therefore ordered made prior to the opening of the bids for levees on November 18, 
1890, and was completed November 17. The examination was necessarily very 
cursory, and left comparatively untouched the problem of draining the interior of 
the Helena Basin, which was presented by the i>roposed closure of Long Lake and 
Old Town bayous. A further examination being necessary, a second party waa 
formed under the immediate direction of Mr. W. M. Rees» assistant engineer, and 
took the field December 30. The question of drainage was thoroughly examined and 
the survey extended down to and across Yellow Banks Bayou, the latter point beine 
the lower terminus of what might be called the Helena levee, or the point to whion 
the levee should be extended to protect Arom overflow the area included in the 
Helena Levee district. After the survey had been extended to this point, it was 
decided to make a hasty examination as far down as the new Carson Loop, as the 
proper location of the latter with reference to its future extension northward as a 
part of the White River front system could be best determined with the information 
which such an examination would supply. This examination was completed on the 
13th of Februarv and the party disbanded. 

The details of the survey and a description of the line followed is given in the re- 
port of W. M. Rees, hereto appended, in general terms, the proposed location fol- 
lows what is considered a safe distance from caving banks, utilizes, as far as it is 
practicable and economical to do so, the old levee, and crosses the points instead of 
following the banks around the bends. The total length of the line surveyed, from 
the present terminus of the levee, 15^ miles below Helena, to the upper end of the 
Carson Loop, is 33 miles. Of this, 15.4 miles is enlargement and repair of old levees, 
and 17.6 miles of new levees. The total estimated vardage of new work is, in round 
numbers, 1,380,000; of enlargement, 1,000,000; and muck ditch, 100,000: making a 
total of 2,481,866 cubic yards. The total yardage in the old levee, which has been 
deducted from the total embankment in levee, is 468,000. These estimates are based 
on a ^ade of 3 to 4^ feet above the high water of 1890. the highest known in this 
vicimty, crown width of 8 to 10 feet, and side slopes of 1 on 3. 

The territory to be protected is about 20 miles long Irom north to south and 10 
miles wide between the Mississippi and White River. It is sparsely settled, many 
plantations having been abandoned on account of the frequent overflows. 

PLANT. 

Fair progress has been made during the past year toward rehabilitating the plant 
of the first and second districts. The steamer Kims has received new boilers and 
boilers are under contract for the steamers Titan and Graham to be completed and in 
place before the beginning of this season's work. The Titan is a new vessel, com- 
pleted in 1889, and as the hulls of the Kims and the Graham received thorough re- 
pairs during the previous fiscal year all three steamers should be serviceable a num- 
ber of vears without extensive repairs. The steamer Itasca has been docked and 
her hull painted and upper works repaired and painted. She will also require a new 
boiler at an early date. The steamer AhboU whose deck and upper work were 
recently destroyed by fire on the night of September 20, was rebuilt and again 
ready for duty November 6. The old headquarters boat Amelia having become un- 
safe from the rottenness and weakness of her hulls, and the estimated cost of re- 
pairs being deemed excessive, was dismantled and quarter boat No. 29 was remodeled 
to suit the immediate requirements of a headquarters boat. The latter though 
small will answer very well until a suitable headquarters boat can be provided. 
Two cracked and leaky water cylinders on two of the hydraulic graders will be re- 
placed by two new and stronger ones. 
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In addition to the above other repairs of a minor character have been made. The 
principal work in hand at the present time is the reconstruction of twenty old di»- 
trict barges. As only the sound parts of the old barges ore retained the recou- 
structed barges will be practically as good as new. As a rule, only the bottoms, 
bottom gunwales, and bulkheads of the old barges are retained. This work is done 
at from $1,000 to $1,200 per barge, or at less than half the cost of a new barge. Four 
mattress barges, each 120 feet long, were advertised for May 5, 1891, and only one bid 
was received, viz, that of David S. Barmore, for $5,320 for each barge delivered at 
rium Point. This price being considered very high, if not excessive, the bid was 
rejected and steps xaken to reconstruct the old mat barges in the same way as the 
4li'8trict barges. This can be done at less than one-half the price of the bid above 
(luoted, and the reconstructed barges will be practically as good as new. This 
luethod of utilizing the more lasting parts of old plant a second time is possible only 
by means of the dry dock, the utility and economy of which in maintaining a plant 
has been so clearly demonstrated. Care is taken in every case that nothing but per- 
fectly sound timber is retained in the reconstructed barge. In addition to the above, 
two of the old district barges will be lengthened during their reconstruction to 120 
feet and given additional strength for use as mooring narges. 

About three-fourths of the total number of the pile driyers in the district are un - 
serviceable on account o f decayed and leaky hulls. I estimate that fifteen pile drivers 
would satisfy the probable needs of the two districts for several years to come, and 
this number it is proposed to put and keep in repair. As to the remainder of the 

f>ile drivers I recommend, if they can not be disposed of by transfer to some pub- 
ic work where they might be needed, that they be dismantled and the hulls sunk. 
The machinery, which is all serviceable, could be stored on barges or on the bank, or 
sold. For the coming season's work it ha-s been arranged that forty of the general 
service barges shall go to the third district, and thirty -eight to the first and second 
districts. This latter number, with the twenty now in repair, will be sufficient for 
the probable needs of the work planned for this year. 

The other clashes of plant not already mentioned, quarter boats, commissary and 
receiver of materials store boat, machine shops, hydraulic graders are in good con- 
dition. 

'uie exhibit herewith shows more in detail the extent in cost of the repairs whirh 
have been made' during the year. 



The following sums were allotted for levees in the second district from the river 
and harbor act of September 19, 1890 : 

Upper Mississippi levee district $90, 000 

White River Basin * 180,000 

and were suballotted by the levee board to the following Jooalitios: 

Upper Mississippi levee district 

Tiibic yards. 

Section 60, about 74,000 

Section 61, about 55, 000 

Section 16, H (Hiishpuckana Crossing), about 41, 000 

Section 19-20, H ( Apperson Field), about 61, 000 

Section 17-18, H (Robertson^dlle), about 50, 000 

Section 67, about 64, 000 

Section 66, about 71, 000 

Section 65, about 57,000 

JVIiite Itivcr lian'in. 

Extension of Helena levee southward from its present terminus $80, 000 

Repairing and strengthening the front line of the Laconia Circle, and for 
extending the levee northward as far as the funds would allow 100, 000 

All work under these allotments was advertised on November 8 and bids opened 
November 18. 1890. Eleven bids were received, and the lowest in each case accepted, 
except that lor the Helena, which was rejected as too high. The latter was adver- 
tised a second time, and bids therefor opened December 19, 1890. The prices again 
being deemed too high, all bids were rejected and the work postponed until after 
the high- water season. A copy of the abstract of bids is herewith. 

The early part of December found all the contractors on the ground ready to be- 
gin work. A great effort was made to get an early start, so as to take advantage of 
tiie favorable weather, which usually prevails during the month of December. The 
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forces were at first too small, but were griidually increased on the demand of the 
engineer in charge until they were sufficient to insure completion of work on contract 
time, March 1, 1891. The ciilculations for force required were based on 30 cubic yards 
per day for ea<>h whe«l scraper, and 20 working days in each month. Fair weather pre- 
vailed and ^oodprogress was made till about January 10, Imt after this date t^e rainy 
season set m, greatly retarding the work at all i)oiut8, and in some of the worst 
localities practically suspending it altogether. The total precipitation probably did 
not exceed the average lor this region, but the rainfalls came with such great fre- 
quency that the borrow pits and embankment were kept in a boggy and unworkable 
condition over three-fourths of the time. After the rains came the seep water and 
overflow which furtber susj^'uded the work till the river f611 within its oanks. The 
contracts were extended from March 1 to May 1, 'and again from May 1 to July 1, 

Tlio following is a brief statement of the character and extent of the work done 
under these (-(mtracts : 

Section 60. — The piece of levee under enlargement was 4,800 feet long, with side 
slopes of 1 on 3, and a griule of 2 feet above highest known water. The average 
height of the old levee above the ground w^as about 11^ feet, except at the crossiug 
of (Jrantfl Pass, where for 200 feet tJie average height was 25 foot. The crown width 
of ohl levee was 10 feet for a distance of 1,600 feet from the lower end, 8 feet for the 
next 1,100 feet, and 10 feet over the remaining distance of 2,100 feet. 

The repairs and enlargements are : 

1. A muck ditch, 6 feet deep, 6 feet wide at bottom, and 10 feet wide at top, exca- 
vated at the base of the old levee on the land side and refilled with selected buck- 
shot material. 

2. Enlarging the upper 3,200^ feet of the old levee to a height of 4 feet above high- 
est known water, and to a crown width of 10 feet, and side slopes of 1 on 3. 

3. A banquette on the land side, 3,035 feet long, at the crossing of Grants Pafls, 
whore the levee is vei*y high. The uniform width of the banquette is 40 feet with a 
side slope of 1 on 3 and a top slope for drainage of 1 in 20. 

The total estimated yardage in this levee is 53,000, of which 32,000 had been placed 
up to the end of May, 1891. 

Section 61. — This piece of levee is 3,300 feet long and about 18 feet high above the 
surface of the ground, with a crown width of 10 feet, side slopes of 1 on 3, and a grade 
of 2^ feet above highest known water. The repair and enlargement consisted of — 

1. A muck ditch 6 feet deep, 6 feet wide at bottom, and 10 feet at top, excavated 
along the base of the levee on the land side and refilled with selected buckshot ma- 
teriiu. 

2. A banquette on the land side 40 feet wide raised to a height 9 feet below the top 
of the levee. 

The total yardage was 37,672 and was completed in the early part of this month. 

Sections 66 ami 07. — ^The piece of levee under enlargement is 9,000 feet long and has 
an average height of 8 feet above the surface of the ground and 2 feet aboye highest 
known water, with a crown width of 8 feet and side slopes of 1 on 3. The work con- 
sists of— 

1. A muck ditch 6 feet deep and 6 feet wide at bottom and 10 feet at top, excavated 
at the base of the old levee on the land side and refilled with buckshot material 
thoroughly tamped. 

2. An enlargement to a height of 4 feet above high water and to a crown width of 
10 feet, and slope of 1 on 4 on the land side. All low places on the land side were 
filled in with a banquette. 

Total yardage, 100,000, of which 98,000 had been placed up to June 10. 

Section 16 H {Hushpurkana Crossing). — The work is limited to the piece of levee 
1,200 feet long across Hushpuckana Creek. The height of the old levee was 25 feet 
above the bottom of the creek and 2 foot above high-water mark. Crown width was 
10 feet, river slope 1 on 4, land slope 1 on 3. There was also a banquette 40 feet wide 
on the land side^ raised to a heighth of about 12 feet below top of levee. There was 
sufficient earth m the old levee for the purpose of stability, but further treatment 
was deemed nc^oossary to correct the seepage, which has always taken place at this 
point to an alarming extent. 

The new work consists of— 

1. A muck ditch 6 feet deep and 6 feet wide at bottom, and 8 foot at top, excavate<l 
in the old banquette at the junction of the lattcT with the maiu levee, and refilled 
with good material. 

2. A second muck ditch 10 feet deep, and 10 foet wide at bottom and 20 feet at top, 
at the base of the old banquette, refilled with good material. 

3. Enlargement of the old levee to a crown width of 12 feet and height of 4 feet 
above high- water mark, with a land slope of 1 on 4. 

4. A new banquette 40 feet wide, covering the second muck ditch. 

Only a small piece of the large muck ditch has been excavated and filled to date, 
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and it is doabtftil if the ditch can be dug at all on account of seep water. Should 
this be impracticable the ditch will be omitted altogether and a proportionately 
larger banquette made. 

The total yardage in the work described isil^OOO^ of which about 20,000 was placed 
up to June 10. 

In addition to the above, and under the same contract, a muck ditch 6 feet wide at 
bottom, 10 feet on toja, and 6 feet deep, has been excavated and refilled at the base 
of the levee, below Hushpuckana Crossing, for a distance of 1,600 feet, the object be- 
ing to reduce the amount of seepage. 

Sections 17-18 H (Robertaonville), — ^This is a piece of levee 4,700 feet long, in what is 
known as the new Robertsonville Loop. Height of old levee above surface of ground, 
12 feet, and above high-water mark, 1^ feet. Crown width, 10 feet, and side slopes 
1 on 3. The work consists in raising the grade to a height of 4 feet above high- water 
mark, preserving the same dimensions of crown and side slopes. 

Total yardage 50,000, of which about one-third had been placed to June 10. Th«^ 
enlargement is from the river side of levee, and many of the borrow-pits are not yet 
in a condition to be occupied. 

Sections 19^20 R (Apperson Field). — This piece of levee is 7,365 feet long, and is also 
a part of the new Robertsonville levee, and has approximately the same dimensions. 
The new work consists in raising the grade to a height of 4 feet above high water, 
preserving the old dimensions of crown width and side slopes. Total yardage in 
contract, 50,000, of which about one-half has been placed. 

WHITB BIYER BASIN. 

Laconic Circle. — The work consists in closing crevasses and enlarging the old levee 
over a distance of 90,300 feet, of which 59,600 feet lie below the town of Laconia, 
along what is known as the front line, and ^,700 feet north of the same point. The 
latter piece of enlargement terminates at the Desha County line, and from this 
point the line has been extended northward 6,000 feet by means of a new levee 
placed at a safe distance back from a caving bank. Of the 59,600 feet below Laconia 
51,500 consisted in enlargingthe old levee and 8,100 in closing crevasses, of which 
there were five, four below Henrico and one near Laconia Landing. In addition to 
the five crevasses named there were about twenty small breaks in the levee made by 
the high water of 1890, and of the old levee only one point, and that for a short dis- 
tance only, was above this flood. The dimensions or the old levee varied greatly, 
but in general it may be stated that the grade was from to 3 feet below high water 
of 1890 ; crown width, 1 to 6 feet ; base, 20 to 50 feet ; slope li to 1, to 2i to 1 ; height 
above surface of the ground, 3 to 10 feet. In the new work and enlargement the 
levee has been brought to the following dimensions : Qrade, 1.5 feet above high 
water of 1890; crown width, 4, 6, and 8 feet, depending on height of levee; base, 
35 to 90 feet ; slopes, 2^ to 1 to 3 to 1 ; height above surface of ground, 7 to 14 feet. 

llie total yardage which it will be possible to place with the funds available will 
range from 400,000 to 450,000. The work should be within a few days of completion 
by the close of this month if the promised progress is made. 

BOBERTSONVnUE CREVASSE. 

This crevasse occurred on the night of March 11. and is located about three quar- 
ters of a mile below Hushpuckana in the levee known as the new Robertsonville 
Loop. The discovery was made at midnight, at which time the width was estimated 
at about 75 feet. Chief Engineer Dabney, of the Upper Mississippi Levee district, 
having determined upon an attempt to close it, requested this omce for assistance, 
and with the approval of the president of the commission aid was offered to the 
extent of furnishing the necessary plant, the levee board paying for the labor and 
material. None of the district steamboats being available a tug was specially char- 
tered for the purpose, but before the plant and material could reach the crevasse the 
idea of closing it was abandoned and the work was limited to an attempt to hold the 
ends of the levee and prevent any considerable widening of the crevasse. The usual 
temporal^ revetment of bagging, sand bags, and fascmes loaded with sand bags 
were used around the ends of the levee, and two pile dikes, one on eaeh side of the 
crevasse and about 600 feet apart, were built on the river side of the levee to check 
the current around the ends. The dikes consisted of four rows of 4 by 4 inch scant- 
ling with about 2 feet between rows, the intervals between rows being filled with 
bags of earth, the whole being suitably braced together. The dikes were located 
perpendicular to the levee and extended out as far as the depth would allow. The 
crevasse gradually increased in width to about 550 feet on March 28, after which the 
caving practically ceased. 

The crevasse was a great surprise, as the pressure upon it was not great and the 
levee was regarded as one of the finest on the riyer, being built of Duckshot ma- 



ARIC^ 



« •- 



n'li. I M'l i> 



it 




JfiA-ttTf 






I 



r 




1^ 



Eng9 



APPENDIX Z Z — ^REPORT OF MISSISSIPPI RIVER COMMISSION. 3595^ 

terialy and haying a crown of 8 feet and side slopes of 1 on 3. There was no 
evidence of seepage or other defects to suggest the need of any precautions. The 
theory that the levee had been cut was very generally entertained at first, but 
gradually gave way to the more probable one that the levee had been undermined 
by the action of the current along the front. One of the old borrow pits directly in 
front of the crevasse was scoured out to some depth during the flood of 1890. and the 
probable explanation of the crevasse is that this scouring action continued during 
the present flood, ffradually enlarging and deepening the hole, and finally undermin- 
ing the levee itseu. An inspection of the crevasse since the decline of the river 
'Within its banks shows the hole to be much larger than anticipated, being about 
560 feet in diameter and extending through the gap and about 25 feet beyond. A 
new loop to close this crevasse is now under contract with the local levee board. 

HIOH-WATBR PROTEOTION. 

The lumber and sacks used at Robertsonville Crevasse were paid for by the Gov- 
ernment, the levee board furnishing the labor. A close board fence was built in 
front of levee at Pushmataha Landing (3.59^, L) and a log boom in front of Eagle 
Lake Levee (306, L) to protect against wave wash, the Government famishing the 
material and the levee board the labor. Sacks were supplied to the Helena board 
for the i^rotection of their levee at Williamson's House (309, R), the labor of placing 
them being furnished hj the local board. A small amount of protection work was 
done on the Laconia Circle, the Government ftimishing both labor and material. 
As soon as the water rose high enough to suggest the necessity of patrolling the 
levee I had guards placed in the vicinity of all the levees under contract with the 
United States. These wore withdrawn on the Mississippi side of the river as soon 
as practicable after receipt of a copy of the Commission's resolutions, requiring tiiat 
such service should as a role be performed by the local authorities, lliere being, 
liowever, no effective local levee organization on the Laconia Levee, a small Govern- 
ment patrol was maintained during the entire season over that portion of the levee 
under enlargement by the United States .The total amounts expended on levee pro- 
tection were $6,005.18 in the Upper Mississippi Levee district, $2,617.88 at Laconia, 
and $473.07 along Helena Front. 

A small gap in the Plum Point Levee near Gold Dust was repaired at an expense 
of $30. 

CONDITION 0¥ RIVER FOR NAVIGATION DURING THE YEAR. 

As the river did not reach a low stage during the usual low-water period the navi- 
gation was excellent throughout the year. 

A few reports of depths less than 10 feet have been received, but upon personal 
inquiry among a numoer of the most experienced pilots I am led to eonelude that the 
pilots reporting lesser depths than 10 feet did not find the deepest water in the chan- 
nel and that at no time during the past low-water season was there less than this 
depth over all the bars. 

The usual financial exhibits are herewith. 

Amount that can be profitably expended during the fiscal year 1892-^93 for channel 
works, $1,0()0,000. 

very respectfully, your obedient servant, 

8. W. RORARLTCR, 

Captain of JKiigineerM, 
Qen. C. B. CoMffTOCK, 

Pre9idwt MUHsHppi Biver Commission, 



Appendix D 1. 

REPORT OP MR. AUG. J. NOLTY, ASSISTANT ENGINEER, ON WORK AT PLUM POINT 

REACH. 

Amelia, Ark., May to, 1891, 
Captain: In compliance with the instructions contained in your letters of May 
13, and 15, 1891, 1 have the honor to submit the following report of operations at 
Plum Point Reach for the year ending May 31, 1891. The portion of the river cov- 
ered by this report extends from one mile above Daniels Point to Craighead Point. 
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PIKES, FiLMOr, AKD ISLAND NO. 30 CHUTES. 

The last annual report of Capt. Smith S. Leach, Corps of Engineers, U. 8. Army, the 
officer then in charge of this district reported these dikes within a few days of comple- 
tion. Elmot Chute Dike was completed on the 12th of June, 1890. In Island No. 3i» 
ehute the front row of dike, consisting of clusters of three piles each^ bad by the 2*1 
of June, 1890, been carried across the ^iO feet of deep water still remaining open. Ko 
Hooner had this gap been closed when the pressure of accumulating drift and stroDg 
current began to push this unsupported front cow out of alignment to such an extent 
that the piles began to break oft, and on the morning of the 3d a clear opening of 90 
leet had been made. The balance of this row gradually broke away until the gap 
attained a width of 200 feet. The depths ranging from 16 feet below zero at front or 
upstream row to 57 feet below zero at fourth or downstream row, with the water msh- 
iug through the g:ip with great velocity, the officer in charge of the district decide<i 
to await a more favorable stage of water before undertaking the closure of the gap. 
Ill the meantime a project for tbe closure was submitted by the assistant in charge, 
and having been approved by Capt. S. W. Roessler, Corps of Engineers, U. 8. Army, 
then in charge of this district, work was begun on the 7th of July, 1890. This proj- 
ect contemplated leaving the line of dike and to effect a closure by a salient wnose 
apex lying 75 feet jjkbove the front row of the standing dike would bring the whole 
new structure into comparatively shoal and easy water. The original dike foot mat- 
tress extending 75 feet above the front row, no new mattresses were considered nec- 
essary. In a<ldition to the usual set of stringers and braces near the top of dike a 
secondary set was put on this new work at about the 15-foot plane, thus transmitting 
any strains from impact or pressure throughout the whole structure rather than let- 
ting the front row take them all without receiving any material support frx>m the 
work behind it. The closure of this gap was completed by the end of the month and 
remained closed until February 3, 1891, when the accumulated drift again broke 
through, leaving a clear gap of 275 feet in the dike, with about 50 feet of each end of 
standing parts badly broken up. Nothing has been done toward reclosing this gap, 
nor would it be advisable to do any further work at this site by reason of the great 
depth of water which would always be a menace to the permanency of the structure. 
It should, however, be borne in mind that while a break in a dike rapidly forms a 
deep hole immediately below and, if close to bank, causes extreme caving, the experi- 
ence both in this and Elmot chutes has been that these effects extend only a very 
short distance below the break. 

Elmot Chute Dike remained in good condition until the 24th of November, upon 
which date a break occurred where the structure crossed the deepest water, or about 
400 feet out from the Elmot Bar Bank. Owing to high stage of river prevailing at 
the time, together with much floating drift, no attempt to close this break was made 
imtU the middle of December, when two pile drivers begun the work of closure and 
strengthening of the Elmot Bar end. The work was completed on the 6th of Feb- 
ruary, 1891, since which date, despite an immense accumulation of drift, no further 
damage has been observed at this place. Two other small breaks, however, hxre 
occurred in this dike since the closure of the main gap. Nothing has been done to- 
ward closing these breaks. In every case where a break has occurred an examina- 
tion of the wreckage shows plainly that the initial break at least was caused by the 
weakness of the piling. After a gap has been made the rush of water through it no 
doubt rapidly excavates a deep hole below the foot mattress, which later gradually 
settles down as the material under it flows into the excavation, and the adjacent 
piles having their penetration reduced, their buoyancy finally draws them out, and 
thus the gaps are widened. A peculiar phenomena was noticed at one of the breaks 
in the Elmot Chute Dike, namely, that part of the standing dike adjacent to the 
break was pushed* out of alignment, with all piles standing and the different rows 
preserving their parallelism. The part of the dike thus afiScted has since gone out. 

From observation* made at these two dikes I am led to the following conclusions, 
namely, that with the material heretofore used it will be difficult to maintain a high 
water or 33-foot plane dike long enough to accomplish desired results without heavy 
expenditure for rei)air8. Too much reliance has t>een placed on the drift collected 
in front of a dike to make it impervious and cause rapid deposits. True, an accu- 
mulation of drift will greatly aid a dike, but it is also a continuous menace to its 
stabilitj'. A mid-stage dike constructed of brush cribs founded on floor mattresses 
where the elevation of the bars is up to or above mid-stage, and of pile dike across 
the deep water, the piles of which are so driven that the clusters of the second and 
fourth rows stand between thos<.' of the first and third rows, or, in other words, tiiat 
2 clusters of first, 1 of second, and 2 of third row stand in quincunx order, would in 
my opinion be more easy to maintain. The pile dike might in addition have on the 
downstream row a curtain of wattling to induce more rapid deposits. The dike 
foot mattress or floor mats should be at least 200 feet wide and the shore protection at 
the roots of dikes extend at least 400 feet below the last or downstream row of piles. 
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If something oould be done to neutralize the dangerous eddies and whirls which in- 
variably form at the foot of a revetment another danger would be removed. In all 
deep-water dikes there should in addition to the usual bracing be a secondary set 
near the low- water line. No piles that have been cut more than 3 months prior to 
date of delivery should be accepted. 

RBVSTMENT, FLETCHER BEND. 

The nnrevetted part of this bend. 3,800 feet long, was cleared of standing timber 
on three different occasions, namely : In June a strip 3,000 feet long and 100 feet 
wide; in August another similar strip, and in January, 1891, a strip 150 feet wide, 
3,000 feet long. This clearing was done in order to prevent formation of snags, and 
the repetitions were rec^uired on account of rapid caving of bank. Stone to be used 
in the revetment of this bend is now being unloaded behind the protected bank. 

REVETMENT, ASHPORT BEND. 

As an initiatory step toward the revetment of this bend to (iold Dust Landing the 
bank is being cleared of all standing timber for 150 feet back of the present bank 
lin^. About 25 acres of clearing will be required. 

REVETMENT, OSCEOLA BAR. 

The protection of the lower part of this bar became imperatively necessary by 
reason of extensive caving and the consequent rapid recession .of the shore line. 
This threatened to return a large volume of the river into the almost closed BiiUer- 
ton Chute. The original project contemplated about 7,000 linear feet of revetment, 
but the indications at present are that but little if auy more than the 5,000 feet 
already completed will be required. 

Active operations were begun on November 8 by beginning the grading of tbe 
bank with the hydraulic jet. This work was merely a test to demonstrate whether 
or not the bank, which was very sand^', could be thus graded. Two days' work 
answered this question in the affirmative, and hydraulic grader No. 2 was put in 
commission, and began work on the 11th. The pile driver also continued grading, 
except when it was occupied in driving the abutment piles. In the meantime a part 
of the brush contractors' force and outfit having arrived, they were furnished a 

Quarter boat belonging to the United States, and located near the proposed work, 
ionstruction of the first mattress was begun on the 14th. Owing to incomplete 
organization of the contractor's force, and consequent shortage of material, the 
swinging into position was delayed until the 18th. On the same day the river began 
rising rapidly, bringing down much drift. The run of drift increased until the 23d. 
The river was covered with it. The drift boom, however, protected the mooring 
barges and mattress, though the boom had frequently to be relieved by clearing 
away the accumulating drift. The drift boom consisted of 600 feet of old barges, 
with timber heads every 10 feet along the outstream gunwale, to which were fastened 
one-half inch chains hanging in festoons, their bights being 5 feet below bottom of 
barges. These bights soon become choked with drift, and thus prevent anymore 
from, passing under the boom. 

The lower boom barge rests against the outer mooring barge, projecting a few feet 
beyond it, while the upper boom barge rests against the bank. 

Progress in mattress construction, at first slow on account of an entirely inexpe- 
rienced force, gradually increased as the men became more familiar with the work. 
At first the unit of day's work per man was 0.83 linear feet of 200 feet mat- 
tress, while toward the end of the first mat it was 1.7 feet. The first mattress^ 
1,100 by 240 feet, was completed on December 2, but by reason of the nonarrival of 
stone was not sunk until the 4th. The shore work had been during the mattress 
construction carried forward apace with the latter, so that after the mattress was 
sunk this section was completed except ballasting of the upper shore work. This 
first section completed lies 1,200 feet above the foot of the work and the protection 
work was begun here because this place was the most threatened. Before the mat- 
tress was sunk some caving took place at its head, which necessarily caused a steeper 
than the usnal slope for about 150 feet. A pond iu rear of this work was drained 
by placing a 12-inch box culvert with the necessary screeiiH at the intake and apron 
at ttie outlet under ground. This drain has so far worked well. 

Work was nushed with as large a force as rould bo eronomic.ally employed witli 
the limited plant available. On the 17th of December, Mr. C. W. Sturtevant, assist- 
ant engineer, having completefl the work in Hoped eld Bend, re.porte<l here with plant 
ami a skeleton organization. His for(;e was rapidly filled up and he at once begjui 
construction of mattresses, shore work, and cribs at Section No. 3. 
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The liver began rising toward the end of the month. bringiBg down ma^ dxifL and 
for the balance of the seaaon the diffiooltiee and riaks of the work were greatlj in- 
creased. 

River mat No. 2 was simk on December 19, No. 3 on Janna^ 5. and Ko. 4 on Jan* 
nary 18.- All river mats were 1,100 feet long and from 200 to 240 reet wide. 

In addition to the usual bank protection, four brush and stone crib dikes to dose 
chutes were constructed. Each was founded on a floor mat. Their location and 
dimeusions are as follows: Between head of BuUerton Towhead and small towhead 
1;008 feet long, 20 feet wide, 11 feet high. Between foot of Osceola Bar and head of 
Bullerton Towhead, 312 feet lonff, 35 feet wide. 6 feet high. At section No. 3, 
Osceola Bar, one 100 feet long, 40 feet wide, 4 feet high, and one 100 feet long. 
32 feet wide, and 3 feet high. A small towhead at head of Bullerton Towhead 
was also revetted around its head and a supplemental mattress 312 by 125 feet 
for the lar^e crib dike constructed. The method of construction mainly followed 
is that laid down in ''details of construction," now in your possession, whose 
essential featurcH are that the work from the outstream edge of nver mat to upper 
edge of shore work is continuous. At parts of sections No. 3 and No. 4 this m.etbod 
could not be followed on account of the low banks, which were almost submerged bj 
the rapidly rising river before the river mats were had. All work projected n>r the 
season was completed by the night of February 6, by which time the river had at- 
tained the 22-foot stage with water enough in sight to bring it up to the bank-foil 
stage. The work as completed covers 5,000 ieet of bank from the head of Buller- 
ton Towhead upj and protects what was the most rapi.Ily caving bend on the r«a<'h. 
Not only did this rapid caving threaten to seriously deteriorate tho crossing l>e]oir 
but, what was equally serious, it would have ultimately reopened Bullerton Chute, 
where the closure works were weakene<l from age, and would not have been able to 
withstand any large influx of water and drift. 

YANKEE BAR CHUTE. 

Nothing has been done toward the closure of this chute, although a project for a 
light dike was submitted and approved, and piles for the work purchasea. These 
have all been expended on repairs to £lmot and Island No. 30 chute dikes. There 
appears to be no present necessity for this work. 

OPERATIONS WITH SAND PUMP. 

The plant for this work consists of one 12-iuch square Ball automatic cut-off engine, 
one 12-inGh discharge centrifugal pump, 1 hoisting engine, one 4-inch discharge steam 
pump, 2 pile-driver boilers, togetner with the necessary derrick and hoisting gear, 
the whole founded on a condemned pile driver rebuilt for that purpose. In order to 
furnish the maximum amount of sand that the pump might be able to lift, an appa- 
ratus consisting essentially of a revolving scraper attached to the suction pipe and 
operated by power furnished from a small 4 by 6 inch engine was tried. Thia device 
was abandoned by reason of its difficult manipulation and a double three-quarter- 
inch jet working in the suction was substituted. This furnished all the sand the 
pump was able to lift. After considerable experimenting with the outfit it was 
taken behind Elmot Dike and an attempt to sink drift was made. There not belQg 
enough discharge pipe on hand, 100 feet of box culvert was made and added to it. 
It soon became apparent that the power plant was insufficient for working the pump 
•at its proper speed. A pile driver was brought up, coupled to sand boat, and an 
additional supply of steam obtained from its boiler. This gave better results, but it 
was evident that the engine was overloaded. The discharge pipe being too light, 
several joints collapsed when the pump was suddenly stopped; this was remedied by 
the insertion into it near the pump of a piece of 2-inch pipe 4 feet long and open to 
the atmosphere. This prevent-ed the formation of a vacuum and the consequent col- 
lapse; though large quantities of sand were pumped on the drift for 11 days, no 
visible results became apparent. The increased current consequent upon a rapidly 
rising river no doubt dissipated large quantities of this material. On the eleventh 
day of the trial both boilers of the sand-pump boat were badly bagged and unsafe 
for further use in that condition. Nothing further has been done with the outfit 
since. The experiments have demonstrated, firstly, that no satisfactory results can 
be obtained by pumping on floating drift, except it be in water unable to transport 
sediment, unless it is first overlaid with a more impervious covering than the orift 
itself a£fords; secondly, that the discharge should take place not less than 100 feet 
above the dike, and that to avoid weakening the dike by robbing it (yf the aapport 
derived from the deposits sand should not be taken closer than 125 feet in rear; 
thirdly, that an engine developing 100 horse-power with 80 pouudaof boiler prew- 
ame is required J and, fourthly, that di^iharije pipe, light, yet fttronjf vnoug)^ tw xa- 
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sist external atmospheiio presgnre, and with flanged instead of telescopic joints, be 
provided. The proper conditions for the snccessfol working of this method of sink- 
ing and holding drift would be, drift resting on bottom, no appreciable current and 
plenty of sand within easy reach behind the dike. A combination of these would 
be rarely found in practice ; on the contrary at the very* place where it is most desired 
to aink the drift, i. e., in the deeper parts of the chute, currents strong enough to 
transport sediment are encountered, while the sand to be pumped is usually so far 
off as to requir^ excessive length oi discharge pipe. The favorable conditions men- 
tioned above existed to some extent in front of Bullerton Chute, Dike No. 2, when in 
the latter part of 1888 the steamer Success was pumping sand there. 

LEVEES. 

The only repairs required by the levees on this reach was the filling in of two 
faults near (xold Dust, Tenn., caused by the storm of March 24, 1890; 200 cubic 
yards of filling, at 15 cents per yard, were required. At other exposed places the 
planters interested in the maintenance of levees stood ready to protect them if re- 
quired. Just below Island No. 30 Chute dike a large piece of levee has caved in. 
This caving was induced by the break in the dike; no other damage has been 
sustained. In this connection it mi^ht be stated that the people on the Arkansas 
side have always shown a more willing disposition to cooperate in the preservation 
of levees than on the Tennessee side. 

REPAIRS TO PLANT. 

This work has been continued froia June 1, 1890, to January 28, 1891, when the re- 
pair force was disbanded. Eepairs were resumed on March 23, 1891, and have been 
continued since. The principal work since the resumption has been the reconstruc- 
tion of district barges, of which 20 will be rebuilt ; 2 mooring barges will also be 
constructed by taking 2 district barges, lengthening them to 120 feet, and otherwise 
changing and strenguiening them. The district barges when rebuilt will be prac- 
tically as good as new ones. The cost ranges from $1,{I00 to $1,200, according as 
more or less of the old barge can be utib'zed. Usually the first gunwale strake, the 
bottom, floor stringers, and transverse and longitudinal bulkheads are found to be 
good, and sometimes the rakes and rake timbers also. The steamers KimSj Graham, 
and Itasoa have been thoroughly repaired. The former has a new battery of boil- 
ers, the Graham is now having hers repaired at Memphis, where the Titun also is 
awaiting a new set, and a new flue boiler is recommended for the Itasoa. The launch 
Abbot y whose entire upper works were burnt on the night of September 20, was re- 
built and again ready for duty on November 6. 

The dock constructed in 1888 has since been in almost constant use, has worked ad- 
mirably, and has cost but very little for repairs. 



CAKK OF PLANT. 

The plant is divided into two divisions, one along the Arkansas bank at Lynch 
Landing, and the other and larger at Island No. 30. Headquarters are at the former, 
where uso the repairs are made. At the Island No. 30 division there is laid up among 
some serviceable plant all the unserviceable recommended for condemnation and 
awaiting final disposition. Steps are now being taken with a view of consolidating 
the serviceable part of the plant along the Arkansas bank. This has l>een delayed 
in hopes that some final disposition of the unserviceable plHiit would shortly be 
made. The consolidation of the fleet will reduce the expenses of the care of plant. 

CONDITION OF PLAin". 

As intimated above a largo part of the plant is unfit for service in its present con- 
dition. Much of it will cost large sums lor repairs, and for some of it there would 
be no use even if it were serviceable. Notably is this the case with pile drivers, of 
which not more than 12 will probably ever be in commission at one time. Of mat- 
tress barges there is but 1 out of the 8 that could be made serviceable at a reason- 
able cost. Of mooring barges there are 2 belonging to second district ; these are no 
longer considered safe. There are also 2 general service barges which were used last 
season for this purpose. These, with some repairs, are ^ood for another season's 
work. Quarter boats, steamers, 10 pile drivers. 3 hydraubc graders, 1 derrick boat, 
1 sand-pump boat. 2 store and supply boats, 2 machine-shop boats, 1 headquarter 
boat; 3 bargeS; X kitchen and bake shop boat are in good condition, 
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The former headquarters boat Amelia (or No. 2), being no longer considered safe ami 
the estimated cost of repairs being considered more than it would be prudent to 
spend on such au old vessel, it was decided to change one of the quarter boats into a 
headquarters boat. Quarter boat No. 29 was decided on after being thoroughly re- 
paired and, changed tp suit her new puipose^ is now known as Amelia No* $. The 
boat, though rather small, is convenient and comfortable. 

PltESENT CONDITION OF WORKS. . 

With the exception of the dikes in Elmot and Island No. 30 chutes, the works are 
in fair condition. Those constructed since 1885 are in very good condition, having 
suffered but slight damage. 

At Daniel Point an enlargement of the fault noticed after the subsidence of the 
1890 flood is noticeable ; this fault is close to the head of the work and at the place 
where during construction so much trouble was encountered with large pockets of 
yellow sand. The fault consists in two sags and a alight rupture of the reretment. 
When the contemplated extension at the head is begun the new wprk should mu 
down far enough to cover these fatilts. The balance of the Daniel Point work is in 
iirst-class condition. At Fletcher Bend all work is in fine shape. This work derives 
additional importance from the fact that two novelties were introduced, namely, tba 
interrupted revetment and the protection of the above water slope by a stone pave- 
ment without the usual substructure of brush and poles. Two floods of long dura- 
tion have passed since the interrupted revetment was constructed, and the unrevetted 
blocks of banks from 300 to 400 feet long stand to-day almost in the same condition 
:ind shape as they were left l)y the construction parties in 1888. The block at Elmot, 
.500 feet long, has caved somewhat at its lower end, which is the head of section £. 
The upper end of the caving would just about reach a point 400 feet below the foot 
of section D. Whether this would indicate that the limit of protective influence 
(ixerted by the revetted section above is 400 feet I am not prepared to say. When the 
work at section E was be^iin it was found necessary to use sluice boxes for the grad- 
ing of the first 150 feet at its head, because thick layers of fine sand were encountered ; 
considering this, and the fitct that the material composing the bank as exposed at the 
300 and 400 feet is much less friable and not so easily eroded, we may with e(]ual 
justice assume that the caving here is due to composition of bank and not to leugtli 
of block. Should any more interrupted revetment be constructed I would recom- 
mend the grading of the unprotected bank. The 1,000 feet, commonly called the 
pavement, is in fine shape and entirely covered with silt. As this piece of bank lie8 
m the deep bight of the bend, and as very little strain is against it, it would, until 
tried at some more exposed place, be rather premature to venture an opinion as to its 
stability. It may, however, be accepted as a fact that a very flat slope is necessary 
for this kind of revetment. The reasons are that when inucn seepage water is run- 
ning out the slopes become quite soft, and stone lying on a steep slope would proba- 
bly begin to slide with the soft material. The brush work can not slide as long as 
the transverse cables hold. 

Plum Point revetment is somewhat broken up at its foot, caused by excessive cav- 
ing of yio unprotected bank. At Osceola Bar the revetment is undamaged. Crib 
No. 2 should be extended about 50 feet upstream to cover some scouring out that 
took place while the work was awaiting stone for sinking last February. ITiere 
should be some additional ballastiug done here, as is now being done at Fletcher 
Bend. Bullerton tow-head revetment is unchanged and in fair condition, as is also 
the old work at upper end of Osceola Bar and Fletcher Bend. Osceola and Buller- 
ton chutes are practically closed at the lO-feet stage, there being no measurable 
discharge through them at that stage. 

UNIX)ADIN(i OF STONE. 

Thirty-two thousand cubic yards of stone are to be stored here for use in the com- 
ing season's operations ; 12,000 yards will be stored behind the protected bank at 
Fletcher Bend and 20,000 at Daniel I'oint. As the handling of stone has heretofore 
been very expensive, an unloading device has been constructed, which is unloading 
the stone at the present low stage of river for less than 15 cents per yard, or at about 
two-fifths the cost of unloading with wheelbarrows. The device consists of an over- 
head 1-inch steel wire rope fastened to a tree on the bank, running firom thence to 
and over a sheave about midway up the mast on the derrick boat, thence down 
through hollow gudgccm at foot of mast and thence to engine. Upon this cable runs 
a traveler, to which hangs suspendcul a carriage carrying 1 yard of stone. Tlio 
traveler i8 hauled out and in by the en;rine. As the cable is tautened, it raises tho 
e;trriage. and when slackened lowers it 1(f deek of stone liarge, when the empty oii« 
is unliooked and a loaded one hooked on. As tlnvre is but little lateral movement t^ 
the device, a portable track is laid on the barg;o and the carriages are provided with 
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tracks, thus euabliug tliem to be run from one end of the barge to the mkldlo or to 
tiie opposite end. When everything works well 2i-minute trips are made by the 
carriages. The dumping is done automatically at any place on the line desireu. A 
Heoond machine is now being constructed in order to prevent a possible barge famine 
at the quarries. Of course the machines are equally applicaole to reloading the 
stone on the barges. 

OKMEUAL KEMAKK8. 

When the short piece of Plum Point revetment was constructed the Island No. 30 
crossing struck fairly asainst the bank to be protected. Now that the crossing has 
moved farther down and strikes the unprotected bank an extension of tl\e revetment 
downstream about l^OOO feet is suggested. This would, I think, effectually check 
all furtiier cavine liable to deteriorate the Plum Point crossing. At the foot of sec- 
tion £, Fletcher^end, considerable caving took place after the subsidence of the 
last flood. This is gradually extending downstream, and may suggest the necessity 
of an extension of section £. The slopes used during 1888 and 1889 were 1 on 4. 
Tliis was changed in 1890 to 1 on 3, a change which seems to be a retrograde move- 
ment. At places where, o win^ to caving or sloughing off of th e bank during construc- 
tion, we were necessarily compelled to adopt a steeper than the 1 on 4 slope, notably 
at Daniel Point, faults in the otherwise perfect work are visible. I believe that the 
life of a revetment depends on the flatness of the slope. The revetment constructed 
during 1890-1891 being all laid on the steeper slopes, and being in exposed situations, 
ought soon iK> demonstrate the truth or falsity of this position . No loss of revetment 
work has been sustained during the year nor during the two previous years. This 
no doubt is due.to improved methods of construction, to the use of steel shackle and 
mooring lines, and the use of drift booms. At Osceola Bar only, while working on 
the second section, did we have a favorable stage of river. During construction of 
the balance of the work it was a continual contest with rising river and large quan- 
tities of drift. Despite the drift boom and the steel ropes the strains were so great 
that on one occasion a |-inch steel rope, and at another a 1-inch one parted. 

It is hoped that at the end of the coming season's work an equally satisfactory 
showing can be made. 



Respectfully submitted. 



Capt. S. W. ROESSLBK, 

Caiys of Engineers, 



Aug. J. NoLTv, 
Assistant Engineer^ in charge. 



Appendix D 2. 

PAPER BY MR. AUG. J. XOLTY, ASSISTANT ENGINEER, ON DETAIM OF CONSTRUCTION 
OF BANK PROTECTION AS PRACTICED AT PLUM POINT REACH, 1890. 

1. The crest line of slope is staked out for the entire length of the proposed work. 
The slope is 4 to 1, counting from the zero contour. The bank is then cleared from 
the edge to 50 feet back of the crest line. 

2. As soon as a sufficient length of bank is cleared grading will begin. If more 
than one grader is available, they will take such intervals as will permit them to 
finish at about the same time. If, however, it is desired to begin mattressing as 
«^arly as possible, the intervals must be shortened . There are two methods of grayling, 
namely, bV hydraulic jet and by sluicing. The latter method is only permissible, on 
account of its greater cost, where the nature of the soil precludes the use of the jet. 
Sluicing is done as follows : Sluice boxes are laid on the slope and up to the face left 
by the grader. A line of hose is run from a pile driver up to the top of slope and 
into the first sluice box. From 12 to 20 men are distributed along the line on top of 
the ungraded bank, who shovel the dirt into the boxes, whence it is washed out with 
the water furnished by the pile driver. About 6 feet wide, the entire hmgth of the 
Hlope, is taken for each shift, and care must be taken to slope the high parts of the 
cut a little to decrease the danger of caving on top of the men. As soon as this 
block is cut down to the proper grade the boxes are moved and a new block cut down ; 
just sufficient water must be pumped to easily move the material. One man is sta- 
tioned at the boxes, whose duty it is to prevent choking up. At the discharge end of 
the boxes, if necessary, brush must be laid under the overfall. This is done to pre- 
vent caving. With the dydraulic graders two j«'tH arc worked at 160 to 170 jmunds 
pump pressure'. With the pile drivers only one jet can be worked by the pump. 

mo 91 ^226 
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After ffradiug, the bank is drt^ssed by hand, all holes being filled up with brush and 
dirt. 'When sluicing is resorted to, the latter operation is not necessary, as the slope 
is finished up as the grading proceeds. 

B. BiinnltaneouRly with the gra<ling, or at any time after clearing of bank, all snags 
lying along the site of the proposed mattress are removed by blasting from the sur- 
face, by yuilling out with a steamboat where possible, or with the aid of a submarine 
diver. The latter method is costly, but is the best where there are many snags. The 
first and second methods, of course, can only be appliiMl to those visible : the last 
method, provided wo have an honest diver, gets them all. In most cuacs, however, 
the first and sewmd will give rea*»onably good resultK. 

4. As soon as 100 feet or more of bank is graded, and snags removed from in front, 
the mooring barge abutuient and the abutment piles will be drivt'U, Thtk abutment 
is constructed as follows, viz: Two pile«, 15 feet apart, au<l ))nrallcl with the bank 
line, are driven from 10 to 15 feet inside the low water or zero line ; two dusters of two 
j»in«.s each, all <lriven at the zer<» line, and directly opposite to the two first piles; an 
inclined brace or strut then conuect-s each cluster to its companion pile in rear. 
The twin piles must be at leivst 10 feet above the prevailing stage of water to allow 
for any rise in the river. The rear piles may be 5 feet lower. The braces must be 
sawed off flush with the face of the twin piles to allow the free oscillation of the 
mooring barge. The twin pile^ are driven one behind the other and parallel with 
the long axis of the brace. This abutment must be driven high enough upstream m> 
that when plant is swung into position the head of mattress will be on the line 
designated for it. Single piles 100 feet apart and at least 10 feet above the prevail- 
ing stage are driven on the zero line for the entire leftgth of the proposeil mattresK. 
The object of the abutment and the abutmeut piles is to keep the ijiuer edge of the 
mattress on the zero lino throughout the varying stage of water. After the comple- 
tion of the work these piles are removed; otherwise, they would, when submerged, 
form dangerous obstructions to navigation ; where the bank is tolerably blufi', and 
not caving, the rear row of piles in the abutmeut may be omitted and the braces 
footed directly on the bank. 

5. Wliile the abutment is being constructed the two mooring barges, having been 
firmly lashed end to end, are brought alongside the bank above the abutment. 
Outside of thfise barges, parallel with them and with the ways touching the gunwale 
of mooring barges, is broufjht the mattress or weaving barge. The head lines, con- 
sisting of one 1^-inch flexible wire rope for the present upstream, later ihe out- 
stream end, two l^-inch flexible wire ropes for the next two, and thre« 1-inch for 
the balance, are run to trees, sound stumps or dead men well back from the edge 
of the bank and temporarily fastened. The three large cables will be on the up- 
stream barge, and the three smaller on the downstream one. When in position, the 
upstream barge becomes the outside one. Mattress head lines are also run out as 
follows: Two flexible l^-iuch wire cables, two 1-inch, and one f-inch, in the follow- 
ing order; the smaller next to iinier edge, then the two 1-inch, followed by the two 
1^-inch ones, with, as near as jiossibh', equal iutervals between them, l>eing, how- 
ever, careful to have the outstroam cable close to outer edge of mat. These hwt 
cables must be passed uncler the mooring barge and brought up on the out-side gun- 
wale, where they are temporarily secured like the mooring barge head lines. All 
these cables come with an eye spliced in one end. These eyes are the river ends and 
are secured as follows: On the mooring barge, on the upstream side, are large timber 
heads fitted with heavy iron bauds, whose upstream ends are formed into eyes, hav- 
ing a l^-inch bolt passing through them, lietween these eyes the eye of the cable is 
brought and the whole thing bolted together. To fasten the mattress headliue-s, 
straps of sound 2-inch man ilia rope are used, which are fastened to the mattress hea<l 
and run back into the mat, at least 2.5 tVet being securely fastened by means of a 
pin shackle of reciuisite strength. In handling these cables care must l»e taken not 
to kink them nor to fasten tliem around anything less than 18 inches in diameter. 
While the lines are being run out a party has begun on the mattress, tJie first step 
in this oj)cration being th<i couHtructitm of the head. 

6. 'I'he head of the mattress is constructed tus follows: Hard wood poles, as large 
as can be conveniently handled by a gang of men, and reasonably straight, are laid 
in two lines on the ways over and parallel to the inner (or upstream) gimwale. 
These poles lax> each other 10 to 15 feet, the, two lines breakiug joints. Where 
they lap they are spiked together with 8 inch by ^ inch 8pik»« every 2 feet, and are then 
tied together with No. 12 galvanized wire at intervals (»f 10 fec^t, except at the laps, 
whei-t^ tliere should be at least two ties. This line of poles must of course be oqna! 
in length to the width of mat. V\wn the.s<'. pedes the iirst set of we:iving )K>les, one 
for each way andparalh'l to them, are spiked with two S inch by i inch spikrs for earb 
pob', and biNhcd wiHi N(». 12 win*. (The bn(t-end is the, end to be fastciiefl.J An- 
other Krt <»f head ]u)\vh Himilar in all respects to the liottoni set, is Iheu K|uked and 
lashed ou to[) of lln« weaving jioles. The wliob* head thus eonstrncted is then 
securely wired together. The weaving i>olc8 are live willow or cottonwood, reawou* 
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iihly straight, 4 to 6 inches diameter at butt and from 25 to 90 feet long. To facil- 
itate weavina; all knots are trimmed off and the top and bottom roughly shaved 
vrith a draw knife. A cable made of 8 strands of No. 12 wire is fastened around the 
head of the mat at every third weavins pole and run up alongside of them, being 
Htapled with two staples to the pole. These cables are made about 48 feet 
lougy with an eye in each end, then cut in the middle of their length, thus mak- 
ing two cables, each having an eye for looping together. After each shift of mat a 
new length of cable is looped on the preceding one. Thus making 10 continuous 
cables through the mat. They give strength to the mat and hold up the brush in 
ct^e the weaving poles should l^reak in launching. Weaving can now begin. 

7. The brush used for weaving is live, straight willow of any length above 25 
feet, being not less than 2 inches nor more than 4 inches at the butts. 

A full complement of men for a 200-foot mat is 54, divided in three equal gangs, 
each one uncler a master laborer, and the whole under charge of a foreman. Each 
^ang is distributed as follows : 5 men* are on the brush barge and pass the brush to 
the weaving party, which numbers 12 men; 1 man is on top of mat where he packs 
the brush, as the weavers push it down, with a wooden maul. Each gang has about 
one-third of the width of mat. 

The brush barge is brought on the outside of mat barge about midway of the two 
ends. One barge loaded with poles is hung to each end oi mat barge. A coil of 2-inch 
rope is placed on each end of mat barge, and the free ends fastened to the proper 
timber heads of the mooring barges. Tiie ways are slushed with axle grease or tal- 
low, to reduce Motion of brush against them both in weaving and launching off; 27 
weaving poles are used in a 200-foot mat. They are placed alongside the ways and 
their upper ends rest in brackets bolted to the uprignt posts. 

The brush is passed by the brush men to the weavers, who come in pairs, and by 
them taken to the proper place. The butts are placed over one weaving pole and 2 
leet beyond them the brush passes over the next pole, under the third, over the 
fourth, and so on, the light tops being always left on top. A strip of 5 feet in width 
is woven this wav, when for tne next 5 feet the butts are reversed. Thus, in every 
alternate strip of 5 feet the butts point one way and in the opposite direction in the 
other strips. The weaving is continued to within 2 feet of the top of poles which 
will give about 22 feet of mat. The next step is to swing into position. 

8. Two coils of 2 inches and one of l^inch manillaYope are used for sw inging around, 
the smaller line being used on the downstream, or what will soon be the inside end. 
The shore ends having been fastened and the mooring mat and brush barges having 
been lashed to cIohc contact, the whole outfit is dropped down until the lower end 
of mooring barge is within a few feet of the upper end of abutment. The upstream 
or outside lines will be now slowly slacked off and the whole thing allowed to swing 
nearly, but not quite perpendicular to bank and held there. The slack of the moor- 
ing barge cables is now taken in from the bank so as to get as nearly as possible an 
equal strain on all. They are then fastened permanently with clamps furnished for 
that purpose. Five 1^ inch-manilla lines, 100 feet long, are fastened equidistant on 
the mat, and pass up underneath to the way supports, where they are fastened to 
kevels. These are used to hold the mat from sliding off the ways nrematnrely. 
They are slacked off in launching and must be shifted along the mat m>m time to 
time as weaving progresses. The shift of mattress previously made is now slid off 
until the head of mat touches the downstream gunwale of mooring barge, when the 
Klip lines are put on. 

9. The slip lines are l^-inch manilla rope, about 125 feet long, and number 18 for 
a 200-foot mat. Each has an eye large enough to pass over the proper timber headH, 
at one end. This eye is placed over the timber head, the free end is passed under 
the lieiid of mat and up again on its downstream side and then hauled taut and fas- 
tened on its timber head. The mattress head will now hang in 18 slings. When 
these slip lines are all adjusted the mat is further slid off until the downstream edge 
iH over the upstream gunwale of the weaving barge. The office of these lines is 
threefold ; they prevent the current from forcing the head under at the first shift ; 
they hold up the head well out of water during construction, and are used to lower 
tlie mat down any required depth in sinking. They are of the utmost importani'e 
and should be carefally watched. Tlie mat is now slid off until its downstream edge 
is about half way between the end of the extended ways and the upstream gunwale 
of mat barge. This will equal about 22 feet of mat at a shift. A new set of weaving 
poles is now spliced to the projecting ends of the first set, the butts of the new set 
being spliced to the tops of the preceding one, after having been pushed into the mat 
about 3 feet, thus making a lap of 5 feet. Two 8-inch by i-inch spikes and two wire 
lashings are used to each splice. The weaving now continues, as before desf'ribe^i, 
to within 2 feet of top of poles, when another launch is made, and so on, until the 
fill! length of mat is made. While the poles are spliced on, the brush men place a 
sufficient number of poles on top of the mat, to be afterward wired down, as de- 
scribed farther on. The mattress-head cables should now be fastened to mat, as 
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described aboye, their slaok hauled in irom the bank, beinffcarefUl to strain them 
equally^ and the ends permanently and securely fastened. The oantion given above 
to be careful in handling the wire cables is here reiterated. Do not get any kinks 
In them, make no sharp oends, use nothing less than 18 inches in diameter around 
which to fasten th^m, and when ungalvanized cables are used keep them well 
greased with heavy dope. When taken up th^ should be well washed and greased 
while being wound on their resi>ective reels. The mooring barges, it will be remem- 
bered, are not yet quite in their proper position, i. a., they are not auite perpendic- 
ular to the bank. As the construction of the mat .progresses, ana more strain is 
thrown on the cables by the increasing amount of mattress afloat, the head cables 
are tautened, and in most cases this taking up of slack will bring everything into 
its proper position. If not, the cables must be slacked off sufficiently to bring it so. 
The general foreman should personally inspect all the listenings at least once a day. 
and see that each cable bears its proper strain. When the plant is in proper position, 
the brush barge is close up to and parallel with the weaving barge, and the two pole 
barges hang end on, one from each end of the weaving barge. 

10. The top grillage is begun as soon as two or three shifto of mat are launched off, 
and is laid as follows : A line of poles is laid over the weaving poles, lapping each 
other (butts to tops) from 6 to 8 feet, and wired to the weaving poles every 4 feet by 
lashings 2 feet long, made of two strands of No. 10 wire. Transveise poles 8 feet 
apart for the first hundred feet of mat, and thereafter 16 feet apart, are laid in a 
sunilar manner and lashed to the longitudinal ones wherever they cross by lashings 
2 feet long made of four strands of No. 12 wire. This grillage strengthens the mat 
and also forms cribs for holding the stone ballast. The first set of transverse poles 
along the inner edge are hard wood and are only 8 feet apart throughout the length 
of mat. Where these come between the 16-foot spaces they are only one pole in 
length. They are used in connecting the shore mat to the river mat. 

11. The construction of shore mat, which must keep progress with the river mat, 
is done by a gang of from 30 to 40 men under a foreman and one master laborer. 
'Vhe water space to be spanned in doing this part of the work varies according to 
the stage of river from to 60 feet, as the inner edge of river mat is at all stages 
kept by the abutment piles over the zero contour line. The shore mat is construcUMl 
as follows (a small flat being used for convenience whenever it can be easily floated 
between the mat and the bank) f Hard wood poles of the size of the weaving pole» 
are lashed to the mat with three No. 12 wire lashings 2 feet long, and spiked with tw» 
8 inch by J inch spikes. Willow poles (or cotton wood) are spliced to these until thoy 
reach up the slope about 40 feet. Alongside and fastened to each one of the hard 
wood poles, is a cable made of eight strands of No. 10 wire, one end of which is fas- 
tened to two of the adjacent weaving poles, the other bein^ fastened to the willow 
extensions on the slope. Upon these transverse poles are laid longitudinally willow 
or Cottonwood poles 8 feet apart, beginning with the first set about 4 feet from tht) 
edge of the mat. We thus form a grillage of 8-foot squares. The latter poles aro 
wired to the former at their intersection with lashings of No. 12 wire, 2 feet long. 
The longitudinal poles are carried in lines 8 feet apart up to top of slope, and on 
their lower sides, 8 feet apart, are driven stakes 2.5 feet above ground^ to the top of 
which is ftistened loosely a lashing of No. 12 wire, 2 feet long, whose bi^ht has been 
first passed under the pole. These stakes are carried down to the pole nearest to 
water's edge. They indicate the comers and are a guide in laying the top grillage, 
besides holding the lashings for tying together the whole work. Upon this fouudair- 
tion a layer of brush is laid diagoniQly and with the butts all toward top of slope 
and breaking joints throughout, except at top of slope, where the butts all come on 
a straight line corresponding to the crest line, and for the first length of brush n«xt 
to ilw river mat where the butts all abut against the edge of mat. A second layer of 
brush is laid upon the first in an opposite direction, with the butts pointing to top 
of slope and breaking joints. The diagonality of each layer should be sush that the 
two layers form a right angle with each other. The upper line of butts of top layer, 
as well as the bottom line, are like those of the bottom layer, i. «., a straignt line. 
On top of this brush are laid poles of willow or cottonwood in longitudinal rows 8 
feet apart, directly above the lower set. The lashings held by the stakes an) now 
used to tie the whole strongly together. On top of tliese are laid trausvei-se poles 8 
feet apart where there are corresponding bottom poles, i. e,, from the inner edge of 
river mat 40 feet up the slope and 16 feet apart thereafter, which are firmly tied to 
the longitudinal ones. It should have been stated that as soon as the slope has been 
dressed brush and poles sufficient for the shore work should be unloaded near tho 
top of bank in convenient piles. It requires H cords of brush to the Ibiear foot of 
river mat 200 feet wide, and 1^ cords of poles to every 12 cords of brush. The same 
q^uantities hold good for the work from inner edge of mat to top of slope. As fast as 
river mat and shore work is finished, traverse cables, made of eight strands of 
No. 10 wire and 60 feet long, with an eye in each end, are run across the entire width 
of the mat every 16 feet, and carried to the top of the bank, when thoy are haule<^ 
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taut and fastened to trees or stnmpSy or in the absence of these^ to dead men. These 
«*.ables are lashed to the mat with wire every 16 feet. They are made 60 feet long 
for conveuicuce of handling; and are^ of coarse, looped together to form a continu- 
ons cable. Two men can fasten these cables as rapidly as reqnired. 

12. Longitudinal cables on river mat. These cables, which are ft continuation of 
the mattress-head cables, are furnished ready made of the following diameters : two |, 
two i, and one f inch, each 1,200 feet long. They come in coils, and must be mounte<L 
on reels before using. As soon as4 00 to 500 feet of mat is maide they are run off the 
reels, beginning with a f-inch cable on the outside or river edge of mat. The whole 
cable is reeled off the reel but the- inner end kept on the mooring barge where these 
reels are set up. After being run down toward and close to the weaving barge the 
spare cable is nicely coiled down and tied for future extension. Just above the coil ^ 
the cable is securely fastened to the mat with a wire lashing and a specially made * 
i;lamp. The party then goes back to the mooring bar^e and fastens a t>aokle to the 
free end, hauling the cable as taut as 10 men can do it. The tackle must take hold 
far enough below the mattress head to allow the end of cable to be fastened without 
giving back ahy slack. The cable is then fastened to the mat every 16 feet with a 
wire lashing and clamp. The second |-inch cable is next run out and fast^^ned 
where the second head cable takes hold, then follow the two^inch and finally the f- 
inch. As weaving progresses the cables are extended until the mat is finished, when 
the ends are securely fastened around the foot of the mat. The first hauling taut, 
as has been stated, is done from the mooring barge end df cables, all subsequent 
hauling must of course be done from the mattress by hauling downstream, as now 
the upper 400 feet are rigidly fastened and the slack must be carried toward foot of , 
mat. When these cables are all run out they lie about as follows : one f-inch cable 
close to outer edge of mat, the other f-inch about 30 feet distant from the first, the 

T bird, a |-inch one, 37 feet from the second, the other f-inch 6ne 38 feet distant from the 
third, and the f-inch one 42 feet distant nrom the fourth, or 45 feet outride the inner 
edge of mat, all fastened down to mat every 16 feet perfectly taut throughout their 
length and all securely fastened around the head and foot of mat. A gang of 10 
men under an experienced sailor may rrin these cables and attend to* all head and 
other lines,' 

13. When about 600 feet of mat is completed, ballasting may begin. For this pur- 
pose a loaded stone barge is brought up outside the mat and hung to the mooring 
barge by a 2-inch rope. It is held close to mat by breast lines. Cottonwood run 
plank 16 inches wide and 3 inches thick and 24 feet long run from the barge to mat. 
From the foot of these barge planks a continuous run ot cotton wood plank 10 inches 
by 2 inches by 18 feet is laid across the mat. According to the strength of the gang 
there may be from two to four of these runs, from 10 to 15 men to a run. These men 
wheel out the stone and dump their loads along the transverse poles, loading the 
entire floating work until only the poles are above water, being careful to load the 
50 feet next tne bank heavier than the balance. This will be of advantage in sink- 
ing the mat. There is one foreman and one or two master laborers to this gang. 
The men on each run must go out and return together. The runs are taken u]>, the 
barge dropped its length and runs relaid. as necessary. The shore work will not be 
ballasted until the river mat is sunk, except in cases where stone is piled on the 
bank, in which case the shore work as well as part of the river mat can ue ballasteil 
from the bank. 

14. Sinking of the mat. This may be called the final as well as the most important 
operation. As soon as the mat is completed and ballasted, a loaded stone barge, 
Xtreferably one of the smaller ones, is brought up to the mooring bai'ge. A line is 
run from its head to the inshore capstan of the mooring barge, and another from its 
lower end to the outer capstan. A good man is stationed at each slip line, who obeys 
only the word of the general foreman during this operation. Stone is thrown on tlie 
head of mattress, and as soon as the strain on the slip lines increases by reason of the 
added weight they are carefully sfecked off a little. The men at the inshore capstan 
begin to haul the head of thestono'barge gradually over the submerged mat, the lower 

. end is also gradually hauled up, the object being to bring the stone barge squarely 
across the mat. Stone is being continually thrown over as directed and the barge 
hauled over until this is accomplished. The line from the downstrea)^ end of barge 
must be shifted to another capstan as the barge proceeds inshore, being held with a 
line while the change is quickly made. Anotner stone barge has, in the mean time, 
been brought up and as soon as the first is in position the second is brought up to 
the out stream end of the first, hauled around across the mat, and both securely lashed 
end to end. In the mean time a coil of 2-inch rope has been placed on the inner end 
of the first and the outer end of the second barge and the end of each fastened to 
its proper timber head. A long 1-inch line also runs from the inner end of the first 
barge ashore, where a lot of men wUl be ready to haul the inshore end of the barge 
downstream, as in most cases the water near the bank is without current. The tow- 
boat now makes fast with 6ne line to the outer end of the outside barge. The posi- 
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tion now is ba follows : the two stone barges he across the submerged mat parallel 
find close to the mooring barges held there by n 2-incli line at each end of the coupled 
barges. The slack, or spare line, lies nicely coiled up ready to be paid out. A 
skillful linesman is at each end. The men on shore have hold of the l-mch hauling 
line, the steamboat hangs from and close to the outer end of the stone barges and 
lies with the current. One man is at each slip line and a line of men is distributed 
along the upstream side of stone barges and another along the downstream side. 
The foreman and master laborers take positions where they can oversee the men. 
The general forenuin is on the moorin/^ barges watching the slip-line men; after thet^r 
are let go, he runs along shore directing the operations. The general foreman now 
gives the word to thi-ow the stone, and as soon as he thinks the head of the mat has 
enough he orders the linesmen on the stone barge to slack away. He then gives the 
word and all slip lines are let go simultaneously. The steamboat's duty is to keep 
the barges away from the bank, llie slip-line men as soon as disengaged assist Uif 
men on shore in hauling down. The linesmen must slack off so as to Keep the bargep; 
always nearly square across the mat until near the end where the steamboat lets ^i. 
and the outer end of the stone barges is allowed to swin^ around over the mat and 
to the bank. Everything must move promptly and without hitch in the whole 
operation. 

15. As soon as the mat is down the sailor gang takes up all the lines. The mattn^ss 
head cables are taken up first by hauling on the pin lines that are loosely fastened 
on the mooring barge. These lines pull the pins out of the shackle and set the cable/; 
free from the mat. The mooring barges are then allowed to swing to bank and all 
cables are reeled up on their drums, being washed and oiled as taken in. The stone 
barge can now be brought to bank and bjuance of shore work ballasted if not alreadv 
done. About 2 cubic yards of stone will l>e re<iuired for every linear foot of work. ' 

16. In the foregoing'^descriptiou of mattress and shore work it has been supposed 
that the bank can be graded before any other work is undertaken. This is generally 
the case, but it will happen that a bank to be operated upon is caving so rapidly sin 
to make it ntM-essary to lay the foot mat first. It is obvious that in such a case the 
shore work has to be deferred. The abutment and abutment piles are driven and 
the mattress constructed as described, except that the hard- wood poles along inner 
edge are omitted and only the regular top grillage laid. After the mattress is sunk 
the bank is graded and the shore work laid down to the water's edge. A c^innecttu^ 
mat is then made to connect the shore work with the submerge-d river mat as fol- 
lows: 

17. The weaving barge is brought up alongside and parallel to bank, with its up- 
stream end over the head of mat, and a mattress built like the river mat, except that 
it has a lighter head, and, of course, no mooring barges are used. Instead of the 
heavy wire cables some of the wire strand is run from the head up to top of bank 
and fastened thereon. Five f-inch cables will be sufficient for every 200 feet of mat. 
Two or three cables are also run from the upstream edge of mat to shore to prevent 
the current from taking it downstream. The head of mat, when launched off, nin.»»t 
lap well (4 or 5 feet) over the shore work. When a shift is to be launched off the 
mat barge must be sparred away from the bank. Enough mat is thus made until 
when sunk it will lap over the river mat 4 or 5 feet. lYom 40 to 70 feet will be tlie 
the usual length. Tlie mat barge is then dropped down its own length and another 
i'onnecting mat made, being careful to have a close joint between the two conne<'t- 
ing mats. This operation is repeated until the foot of mat is reached. Tlieso mats 
are sunk as fast as made. 



Appendix D 3. 

PAPER BY MR. AUG. J. NOLTT, ASSISTANT ENOIN^R, ON DETAILS OF CONSTRUCTION' 
OF PILE DIKES, AS PRACTICED AT PLUM POINT REACH, 1890. 

1. The line of anchor piles, upstream edge of dike foot mat, and front row of prc»- 
posed dike will be designated on the banks by plain white signals \'isible from the 
opposite bank. When one bank is too far distant, as, for instance, when work is done 
in the main river, piles must be driven a little beyond the extreme outer end of dike 
to correspond with the signals on the bank. These piles will carry white signali<. 
The general foreman will see that the alignment as indicated by these signals is pre- 
Rervc«l ; more e8i)ecially should the upper edge of foot mat and front row of dike be_ 
earefully kept on line. In constructing the dike the successive rows are laid of!" 
from the preceding one with a graduated stick or tape line. 

2. The anchor bents are driven on the proper line. In shallow water (lees than 10 
feet) one pile may take the place of a bent ; m less than 20 feet two piles are driven, 
the first one on the line, the other 20 feet above, and the two braced together. When 
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tlieie it) iiiorA than 20 t<)et of water a claater of two piles is driven on the line and 
one pile 25 feet above. Tbeae are liraced togother. The distance between the piles 
and DentB is 50 feet. To each sinffle pile before it is driven are fastened two cables 
made of 8 strands No. 10 wire 60 feet long, with a loop at each end. These, as well as 
all other cables fastened to piles, most be fastened about 20 feet from, the bottom end 
of the pile. To each downstreampile of the bents two similar cables are fastened 
and to each upstream pile one. The cable from the upstream pile is carried to the 
intersection of brace &nd downstream piles, hauled taut, and securely fastened. 
One cable £rom downstream pair of piles is carried to the upstream pile and fas- 
tened at the intersection of brace and pile. All other cables are temporarily fastened 
with one spike at the head of their respective piles. These cables will be used as 
anchor cables of the mat. The anchor piles and bents should be driven to at least 
12 feet above the prevailing stage of water. The upstream pile may be 5 feet lower 
and the braces should be inclined upstream. The line of anchor piles should be 150 
feet above the front row of dike, and the line of upper edge of foot mat 75 feet 
above the front. Penetration of piles, 20 feet. 

3. As soon as a sufficient number of anchor piles are driven construction of foot mat 
is begun . These mats, which are 200 by 200 feet, are constructed similarly to the river 
mat, except that no hard- wood poles are used and no wire head cables are run out. 
The moonng barges are held with short 2-inch manilla lines to the anchor piles and 
the cables on the piles will be the head cables for the mat. At the proper time these 
cables are brought up under the mooring barges and fastened to head of mat, being, 
however, carefu to have the head of mat far enoua^ above its line so that when the 
mat is sunk its head will be on the proper line. This allowance will of course vary 
with the depth of water. When the mat is completed it is sunk and the plant shifted 
in position tor the n»xt one. Care most be taken that each mat overlaps the precede 
ing one about 5 feet. When this work is completed there will be a line of mat on 
the line of proposed dike 200 feet wide and as long as the dike or width of chute, 
with its upper edge 75 feet above front row of dike. 

4. While these mats are being constructed the banks are being graded to the usual 
slope of 4 to 1 for a distance of 500 feet, beginning 150 feet above the front row. If 
plant is available, the construction of river and shore mat can proceed as soon as 
grading is completed and while the foot mats are being made. If not, the bank pro- 
tection had better be put in before the dike foot mat. This 500 feet of bank protec- 
tion is constructed precisely as described under ** Bank protection, '^ except that at a 
low stage of river the abutment and abutment piles may be omitted. It may often 
happen that the shore line is such that proper lead for the head cables can not be 
obtained. In such a case anchor piles in sets of two or three, according t.o depth of 
water, must be driven several hundred feet above the head of mat to which to fasten 
the cables. The object of this bank protection is to prevent any cutting around the 
ends of dike. In closing a chute it will usually be found necessary to build only one 
regular shore protection, that ia, along the caving banlc^ The other bank is usually 
a long flat mud or sand bar, and here all that is necessary is to run the regular dike 
foot mat up to the top of bank. 

5. The following list gives the outfit for one pile driver: 



Anchors number.. 3 

Axes do... 2 

Bedding sets.. 6 

Blocks and tackle, 1^ in ches . . do . . . 1 

Blocks, snatch, 10 inches . number . . 2 

Buckets, galvanized do. . . 2 

Boiler scraper do... 1 

Brooms do... 2 

Canthooks do... 2 

Capstan bars do... 2 

Daily report banks, block do . . . 1 

Files: 

14-inch bastard do... 1 

12-inch round do... 1 

Flue scraper do... 1 

Gauge glass, I inch do... 1 

Hammer, machine do. . . 1 

Hatchets do... 1 

Hammer line, stet^l, i inch ..feet.. 150 
Hose: 

2^inch do . . . 100 

1-inch do... 25 

Jetpipes number.. 2 



Lanterns : 

Red number. 

White do.. 

Lamps, bracki't do. . 

Lead and line, 75 tWt do . . 

Monkey wrenches : 

15-inch do. . 

10-inch do.. 

Marline coil. 

Mop number. 

Oiler do. . 

Oil cans, 5 gallon do. . 

One man saw do.. 

Oars do.. 

Oakum i pounds. . 

Pinch bars, steel do. . 

Pike poles number . 

Pile-head follower <io . . 

Packing : 

Sheet feet. 

Piston do.. 

Hemp do.. 

Cotton stem ball. 



1 
2 
2 

1 

1 
1 
1 
1 
1 
3 
1 
6 
10 
2 
2 
1 



10 

10 

1 
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Pile chains number. . 2 

Pump: 

Lever -. do . . . 1 

Valves do... 6 

Springs do . . . 6 

Watcli tackle set . . 1 

Red lead pound . . 1 

Rope : 

li-inch Cone pi«<'e) fei't . . 300 

l|-incli, jet line do... 125 

li inch pile line do... 150 

1-inch (one piece) do. . . 200 

■f-ineh (one piece) do. . . 100 

Spike mauls numlter . . 2 

Sliovel, coal do. . . 1 

Skiff do... 1 



Seizing twine ball.. 

Spanners number. . 

slice bar do... 

Tallow cup do. . . 

Time book do. . . 

Toggles, assorted do... 

Vice bench do... 

Water barrel do. . . 

Wrenchea, assort-ed do . . . 

White lead pound. . 

Cold chisels number. . 

Emery paper sheets. . 

Oil: 

Lubricating gallons . . 

Signal do . . . 

Kerosene do... 



Month I if supplies for one fleet. 



Waste pounds. . 4 

Soap do . . . 5 

Tallow do. - . 3 

Lve do. . . 2 



Stillson wrench number. . 

Load clamp, 18- inch do . . . 

Rivets, angle iron do... 

BoltA, angle iron do. . . 



1 
1 
1 
10 
I 
1 
3 
1 



3 



6. As soon as 200 feet or more of dike foot mat has been completed pile driving on 
the dike proper may begin. The piles should be of cypress, cut*not more than 1 year 
prior to delivery, should be reasonably straight, not less than 9 inches on top nor 
more than 20 inches at butt, and of such length as t-o allow a penetration of 20 feet 
into the bottom, with the tops of piles on an miaginary line 33 feet above the zero of 
1879. The butt end of each pile is dressed to a chisel point to allow of easy pene- 
tration of mat. This is done when the pile is hanging in the leads. The jet pip« 
is fasteue<l on one of the sides between the two dressed faces, so that the nozzle is a 
few inches above the bottom of pile. For this purpose there is attached to each jet 
pipe, 5 feet above it« lower end, a toggle with a short piece (6 inches) of chain. 
This chain is spiked onto the pile with three 8 by ^ inch spikes and holds the 
I»ipe to its work. At the top, just below the hose coupling, the pipe is lashed to the 
pile with strands of old rope. A i inch line is fastened to the jet pipe below the 
cou])ling. This line passes to the winch head and is used for pulling up the pipe. 
The pipe is now lowered down, care being taken to have the pile on the line before 
it touches bottom. When it touches bottom, or before it is in deep water, a cable is 
looped around the pile and fastened with one 8-inch spike. (These cables ia all 
cases should be 20 feet above bottom of pile.) The pile is now fixed in the middle 
of the leads and hold there by means of removable toggles and a follower just below 
the head of pile. The pump is now started and the nammer lowered down on the 
pile. A few light blows will be necessary to drive the pile through the mat, after 
which, in sandy or soft bottom, the jet assisted by the weight of the hammer will 
usually drive the pile home. In clayey bottom, however, the jet does little good 
and hard driving is neccssarv. Quick, light blows will be more effective than heaw 
ones and less severe on the leads. Should the head of the pile become ''broomed,^ 
a piece must be sawed oflf so as to get solid wood for the hammer to strike. Should 
the jet, as will sometimes happen, become detached before the pile has penetrated 
more than 16 inches, the pile must be pulled up and a new trial made. If impossible 
to pull it up, another pile must be driven in lieu of it. When the depth of water, 
counting from ordinary liigh water, is less than 20 feet, one pile in the front row 
and one in the second and third row will be sufficient. For more than 20 feet and 
less than 40 feet, two piles in the front and one each in the second, third, and fourth 
are driven. For more than 40 feet, three piles in the front row and one each in the 
second, third, fourth, and fifth rows are driven. Each pile, except those on the rear 
row, must have a cable attached to it, and after the piles are driven these cables 
are temporarily fastened to top of pile with one spike. The front row piles^ aa be- 
fore stated, come up to the S3-feet ])lane, the second row will be 2.5 feet lower than 
the first, the third 2.5 feet lower than the second, and so on. Tlie distance between 
rows is 25 feet, and that between bents is 7.5 feet. As soon as a driver has driven a 
sufficient length of front row a rider will be put up. These should not be less than 
55 feet long and are fastened 2 feet below tops of piles. Cables made of 8 strands 
No. 12 wire, 20 feet long, with a loop in each end, are used. 

The rider is lashed at each pile, or cluster of piles, and as many turns around rider 
and pile are taken as the length of cable will permit. Each turn is hauled taut by 
the steam winch and fastened with an 8-lnch spike, and the looped end is securely 
fastened with two. These spikes are driven into the pile so as to leave 1.5 inch out- 
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sid^, aQd then cliuohed over the cable and bedded into the wood. The laps or splices 
of riders should be 15 feet long, the top or thin end of one lapping the butt end of 
the other. In order to preserve as near as possible a horizontal liuu with the riders 
the butt end is always lowered about 1.5 feet, so that the splices all come nearly on 
a straight Une throughout the row. As soon as' a piece of front row is thus com- 
pleted drivers may begin on the second one, and as fast as a few hundred feet of this 
second row is completed the first and second rows should- be braced together. The 
braces are short piles 30 to 35 feet long. They rest on top of the riders, butt ends 
upstream, j^rojecting not more than 1 foot beyond the front })iles, and are lashed to 
rider and piles with a cable made of eiffht strands of No. 12 wire -20 feet long, having 
a loop in each end. The braces should always lie parallel with the cuvreut, which 
usually brings them perpendicular to the line of dike. 

It is verv essential that the first and second rows should be brat'cd as soon as pos- 
sible, for should much drift lodge in front of the unsupported row it is almost certain 
to be forced out of alignment, if not entirely overturned. The third, fourth, and 
fifth rows are driven and braced as those in firont advance. Usually work is begun 
at both ends of the dike, the drivers working toward each other. As the <Uke ad- 
vances, and opening between the two ends is reduced, the current increases, and this 
makes the work very difficult in deep water; hence, if we are reasonably certain 
that the work can be completed before the water gets too low on the shoal places, 
the point of final closure may with advantage be located in shoal water. But there 
is always the risk of being driven away firom here by the declining river before the 
work is finished. It even becomes necessary sometimes to do the shallow water work 
first of all. As soon as location of final closure has been. determined, and if it lies 
in deep water, there should 1)e constructed a supplemental foot mat 200 by 200 feet, 
which should be sunk at this place just below tne main dike foot mat. Experience 
in Chute No. 30 has shown the necessity of this. Here the gap was of necessity left 
in deep water, and before this could be closed we had a hole just below the foot mat 
whose maximum depth was 49 feet below zero. On this line of front row the 
soundings at the time gave 3.5 feet, while on the fourth row we had 20 feet more. 
The current rushing over the mat cut out the soft bottom just below it, and as the 
hole deepened the soft material began to fiow out from under the mat allowing it to 
sink, and badly breaking it up. 

7. Where the dike crosses the deep water the distance between the bottom of river 
and the bracing on top of dike is sometimes as great as 50 feet. When drift is run- 
ning the force of the current carries much of it under the top stratum lying against 
the dike, forming an almost impervious wall of drift, shown during the present low 
water to be as much as 12 feet deep. The pressure against the dike is therefore very 
heavy, and this pressure the front row has at certain stages to bear, without being 
able to derive any support from the dike in the rear. This pressure has become great 
enough to break off the front piles at about the 15-foot or mid-stage line. It has 
therefore been decided to run a set of secondary braces from every alternate bent 
through the dike. These braces are on the 15-foot line, and should preferably be of 
long piles. No riders are needed. Pressure against the front row will thus be trans- 
mitted throughout the dike. 

S. When all the pile work has been complete the foot cables are ad^justed. These 
cables are all carried to the rear row, hauled taut with the winch, and fastened 
around rider and pile. When the cables are not long enough, another one is spliced 
onto the one leading from the pile. At least three turns should be taken around the 
pile and rider, and each turn fastened with a spike, and the looped end with two. - 

9. The final operation is the trimming off of each row to its proper plane. This 
can also be done at any time before the cables are adjusted in order to utilize any 
spare labor. 

GKNERAL RKMARK6. 

The piles are usually received in rafts, each block of which consists of piles of equal 
length. A launch or steamboat serves the pile drivers with piles of required length. 
The general foreman keeps a record of the number of feet of piling used and of those 
rejected. These latter are held subject to the order of the contractor. To each fleet 
of pile drivers there is attached one fleet engineer whose duty it is to supervise the pile 
driver en^neers and to see that the machinery is always in working order. He will 
see that all boilers are thoroughly cleaned out every Sunday morning. The general 
foreman will detail two laborers for each pile driver to help the engineer to clean out 
and refill his boiler. Two and a fourth nours are allowed for this, for which the 
laborers receive double time. The pile-driver foreman handles the engine in driving. 
In hauling cables he may let one of nis men handle the engine. The engineer attends 
to the pump and boiler. The general foreman and the fleet engineer are each allowed 
a skiff and one skiffman. The code of signals is as follows: Want piles, blow two 
short blasts; want general foreman, three blasts; want fleet engineer, four blasts of 
the whistle. The crew of pile driver consists of one foreman, at $60 per month, one 
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dteaui engineer, at $50 per mouth , and fonr laburera, ai$l pe.r clay of eiaht hours.- If 
huti been foiind to l>e jvoocl policy to increase the pay oftlioHe foreman cLiing theuicMt 
work to $b5 per month, reservius;, of course, the right to stop this increase whenever 
their work falls below what it shoold be. 

The ffeneral foreman should carefully watch the pile driving and see that piles are 
given tae proper penetration. Also that riders ana braces are well lashdd, and that 
all work is kept on the proper lines. Each pile-driver foreman makes daily reports, 
on blanks furnished to the general foreman^ the latter condenses these and makes 
dailv reports on blanks fnmisheil to the assistant engineer in charge. A false entry 
on the pile-driver report is suflicientground for snmmary discharge. The completed 
dike should be laid onfin stations of 2(8) feet each, and periodical soundings taken alou^ 
the rear row to obtain some idea of what the dike is accomplishing. As the rate of 
progress of the wofk varies with the depth of water^ rapidity of current^ and nature 
of bottom, no fixed standard of the number of piles to be driven by each driver per 
day can be established. In water less than 20 feet deep, having a sandy or soft bot- 
tom^ from ten to twelve piles per day is a fair day's work. In deep water , strong 
current and hard bottom, this may fall as low as three piles. Hoisting up and fasten- 
ing 10 braces or 3 riders, or adjusting 40 foot cables may be consider^ a day's work. 

When the piles are furnished loaded on barges a pile-dropping gang of fonr men, 
in charge of a master laborer, will drop the piles oft the barge and take them to th« 
drivers. The cable-making party consists of two men, who have the proper machinery 
for making the cables. Two men can make all the cables for four pile drivers. 

When a pile is longer than required the top should be out oif^ and never the butt 
end except it be too thick to go between the leads. Anchor piles should be pulled 
up or cut oft* at a low stage of water, otherwise they will hola back a large amount 
of drift, whose sudden release by the breaking of these piles might damage the dike 
by impact. 
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report of mk. w. m. rees, assistant engineer, on proposed system of jjlvkes 
along st. francis front. 

Untfed States Engineer Office, 

MempkiSf Tmn., June 1, 1891. 

Captain : I have the honor to report upon a proposed system of levees along St. 
Francis Front, Missouri and Arkansas. 

A survey for this fi*om Point Pleasant, Mo., to Council Bend, Ark., a distance of 
200 miles, was made by Mr. S. E. Moore, assistant engineer, firom October, 1888, to April, 
1889. A profile of this survey has been made and quantities calculated, the results of 
which are incorporated in this report. 

Point Pleasant was considered a good terminus on the north, for the reason that 
from this place northward to New Madrid, Mo., and a number of miles above there 
extends a ridge of high ground, forming a barrier to overflow. Above this ridj^e 
there is some low ground, over which the water can escape into the St. Francis Basin. 
In 1882 the estimated maximum escape was 88,000 cubic feet per second, and in 1883 
45,000 cubic feet per second. This is supposed to go to the St. Francis through Lit- 
tle River and give no further trouble until it comes back again into the Mississippi 
at Helena. 

Below Point Pleasant the escape is many times cpreater, reaching over half a mil- 
lion cubic feet per second a few miles below Memjuiis, Tenn. 

Tlie following table shows the estimated maximum escape along the line of the 
])Toposed levee, the divisions being laid out to show the nature of overflow : 

Tahle of water eeoape, 8t France JProni. 









Flood of 1882. 




Divi- 
Hion. 


Levee Miles be- 
BCM'tions. low Cairo. 


Oattlow 

(cubic 

feet per 

second). 


Inflow 
(cubic 
feet per 
second). 


Net is- 
o«pe. 


Remarks. 


1 
8 


0-67 
90-146 

146-201 


80-158 
170-216 

216-268 


378.502 
20,362 

167,810 


27,400 
15,805 

184,771 


851,102 
4,657 

-17.461 


From Point Pleasant to the Plnm Point sys- 
tem of levees of which 23 miles are batlt. 

From Craichead Point, the lower end of 
Plum Point levees, to tlie high gnmnd at 
Bradley Landing; this hish ground coa- 
necU with the Marion>Cniwfbrdsville 
ridge. 

From Bradley to the end of the survey at 
CouncilChule. The inflow indudesFiwch. 

mans Bayou below the end of the survey. 
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The quantities iB the above table are from the report of Chief of Engiiieera, U. 
S. Army, Part IV, 1885, page 2601, where the " water escapes'' are given inimmer- 
oas finbdi visions and at numerons localitien. 

l>IftCtTS8I0N OF THE OVKRFLOW, BY DIVISIONS. 

DivlHioM 1 fiiruislies fully two-thirds of the water escaping into the St. Francis 
Basin above the latitude ot Memphis, and most of this is between Gayoso, Mo. (105 
miles below Cairo, 111.,) and Island 25 (145), only 72,000 cubic feet per second beiug 
the outflow above Gayoso. This overflow tills up uiuuerous lakes and low places on 
it« way to the St. Francis, the main drainage to which is through Pemiscot Bayou. 

Duriug a flood there is considerable inflow through Mill Bayou, at the head of tlie 
Plum Point L«vee system, and this inflow is said to increase as the water in the 
river falls. The evidence here being that the escape of water above is greater than 
«'.au recOilily pass into the St. Francis^ a considerable portion being therefore returned 
to the Missiasippi, hence the construction of a levee across the lower end without 
lirst cutting oft the overflow above, would be disastrous to the lands in the former 
locality, which includes much cultivated lands in the vicinity of Osceola, Ark. 

First. By impounding the water, probably causing it to raise higher back of the 
levee than* in front. 

Second. By holding the water on the lands for a long time after the river begins 
falling, as the drainage wonld be slowly toward the St. Francis instead of quickly 
to the Mississippi'. 

To confine the maximum amount of water in this division, with the minimum of 
cost,, the levee should tirst be constructed between Gayoso, Mo. (105), and Barfield, 
Ark. (142). Next build from Gayoso to Point Pleasant (79); and lastly close across 
the low ground and back of Long Lake, at the lower end. 

Division 2. the river banks in this division are quite high and there are no outlets 
of any size. Tlie escape therefore is principally across points, ajzain returning to the 
river a short distance below. There will be no risk in closing the entire front irre- 
spective of any work above. No doubt the proper procedure would be to continue 
the levee from' Craighead Point (170) south. 

Wamj^anocka Bayou, at Bradley (215), might be left open until tHe levee is ex- 
tended to Mound City (225), for it no doubt materially facilitates the drainage of the 
country when the river gets within its banks. 

Division 3. The escape is chiefly at the ^ipper end, exceeding 100,000 cubic feet 
between Bradley (215) and Redman Point (220). Most of this passes through Ten- 
mile and Fifteen-mile bayous, scarcely reaching the St. Francis proper during a 
large flood, but returns to the Mississippi at Council Bend (270), through Holtree 
and Frenchman bayous. 

A levee along this front will restrain about 100,000 cubic feet per second, and the 
proper locality to begin work is at the upper end, Bradley to Mound City and 
thence southward, 

The following estimate is from the survey made by Mr. Moore, the data used be- 
ing, grade, 2 feet above high water, except at foot of bends, where it is raised from 
6 to 12 inches ; crowns, 6, 8, and 10 feet, depending upon height of levee ; elopes, 
on each side, 3 to 1 ; muck ditch, 3 by 3 feet, and width of clearing, 200 feet. 

To the embankment 10 per cent, has been added for extra work, road crossings, 
etc. The cost has Iteen estimated at 20 cents per cubic yard for earthwork and ^0 
I>er acre for cle'^ring. 

St, Francis Front Levees. — Preliminary estimate of quantities and cost. 



Division. 


Ldvee 
sections, 

1-67 
90-146 
146-201 


Earthwork. 


Clearing. 


Cost. 


Cost per 


1 


Cubic yds. 
3, 335, 521 
1,503,206 
2, 222, 526 


Acres, 
838.4 
652.3 
667.2 


$700,640.20 
326,733.20 
471,103.20 


$10,457.00 
5,835.00 


2 


3 


8,567.00 






Total 


7,061,253 2-lR7.fl 


1,408,566.60 


8,312.00 


. 









In conflning such a large escape to the channel it is probable that the flood line 
will be raised, at least for such time as will be required for the river to adjust itself 
to the new conditions; hence in some localities, such as low^er ends of bends, it will 
be wise to raise the grade line. Therefore, it is suggested to add to the abovo esti- 
mates of cost 20 per cent. This will make the totAl cost $1,798,279 92^ and the 
average cost per mile, $9,974. 
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DESCRIPTION OF THK SCRVETED I.rNT.. 

Till' liiK'- ill ^(Mioral i:c>lU»W8 the high ground near th«» ri>er, recfding tliercfrtmi !•! 
what is ooDsidcrod a safe diBtance, m uaving beudN, and h*avin^ the river at tiiieh 
places where badly caving banks closely approach lakes and low ground, and wliore 
a levee could not be moved back should danger arise, except by making a long *lv- 
tour. Wherever favorable ground has existed across points/ the levee has been 
located there. This being but a preliminary survey, it is expected that a more 
thorough study of the ground will develop a better and cheaper line. 

In many places the location was on old State and private levees: these, however, 
are small, and will require enlargement to two or more times their present size in 
bring them up to proposed sections. Twenty-three miles of good levee exists alon^ 
the west bank of Plum Point Reach (section 67 to 90). 

The greatest depth of overflow is between Bartield (lITi) and the head of Long 
l^ake, and this only reaches 10 feet for two or three stations. The average dfeptli 
along the eiitiro line will not exceed 5 feet. Fnom Pecan Point (196) south for a dii*- 
tanee of nearly 4 miles the land is above overflow. The material along along the 
entire line is reported to be favorable for good levee work. 

Kespectfully submitted. 

W. M. Kkks, 
« ^ A99i8tant Engineer. 

Capt. S. W. ROESSLKR, 

CorpH of Engineers y U. S. A, 
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RKPtmi OK MR. W. Af. RKES, ASSISTANT KXGINKRK, OX I.F.VKK RfTRVRV. WHITK RIVKIt 

FRONT. 

United States Engineer Office, 

Memphis f Ten it., June 1*», 1891. 

Captain: In compliance with the instructions contained in your letter of Decem- 
lier 20, 1890, to take charge of the location and construction of a levee on the ** White 
Kiver Front," and subsequent verbal orders to extend the survey to connect with the 
"Laconia system" of levees, I have the honor to submit the following report upon 
a preliminary survey : 

During the latter part of December I organized a survey party for the purpose, 
which, including cook and watchman, consisted of 10 men. Tnis force left Memphis 
December 30, 1890, on a quarter boat and was t-owed to Old Town Landing by the 
United States steamer KirnSy arriving the following day. The survey was at once 
begun, from the end of the completed levee, 151 miles below Helena and continued to 
Hie head of the Laconia Levees, about 32| miles from the beginning, or 48 miles be- 
low Helena. ITie progress was necessarily slow, the season being rainy, the country 
unsettled and heavily timbered, and with numerous eanebrakes, especially on the 
old levees, and the rising river flooded the bayous and low places and delayed the 
work. 

The time occupied is distributed as follows : 

Days worked 26 

1 >!i.ys lost by rain 9 

1 )ay8 lost moving quarter boat 3 

1 )ay8 lost, Sundays 4 6 

Days lost in transit 2 

20 

Total 46 

Tli(* method of conducting the survey was to locate lines by magnetic bearings, 
marking stations at each 100 feet with stakes, running careful levels and checking 
same at all available United States bench marks, establishing temporary bench- 
marks at al)ont each half-mile, and taking elevations at all stations and high-v^ater 
marks of flood of 1890 at numerous places, usually at each half-mile or less. 

All old levees were occupied whenever they were at a safe distance back from the 
river, these were cross-sectioned to determine their volume, and the elevations of 
natural surfaces of ground taken on each side. 

Care was taken to locate the lines on as high ground as practicable, keeping at <^ 
safe distance back from all caving banks, and to cut off points whenever feasible. 
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The territory to be protected is about 20 miles long from north to sonth by about 
10 miles average width ftom east to west^ lying between the Missiftsippi and White 
rivers; it is very sparsely settled, many farms having been abandoned on account of 
frequent overflows. There is considi^rable good land, much of whi<'h overflows less 
than 6 feet; these high lands generally skirt the lakes and bayous, of which there 
are many. 

Long Lake and Old Town bayous drain into the Mississippi River during low water, 
but in time of flood the current is often reversed and the water goes to White 
River. 

Below Old Town Bend the low-water drainage is into White River, though in high 
water stages, should White River be higher tnan the Mississippi, the current is re- 
versed and the drainage is into the Mississippi. In fact the deep bayous connect the 
rivers, and the height of the one above the other determines the direction of the cur- 
rents. 

The principal bayous are, Yellow Banks, connecting with Alleus (or Flat) Lake 
which connects with White River through Uoslee Bayou, and Bee Bayou, which heads 
in a large swamp back of the bend of Island No. 65 and runs into White River. 

In the bend of Island No. 68 there are several small bayous connecting with White 
River. 

The flood water escape can not be even approximately determined, there being no 
data, but it is undoubtedly great at certain stages, as is evident by the numerous 
bayouB and slashes into which the country is furrowed. 

DESCRIPTION OF THE LINE. 

From the end of the completed levee, 15^ miles below Helena, Ark. (Station 765), 
the line follows an old levee to within three-quarters of a mOe of Old Town Land- 
ing (325 miles below Cairo), having two intervening loops around breaks. From this 
point (Station 884) the old levee is abandoned, as it approaches too near the river iu 



a badly caving bend, the distance back being from 350 to 700 feet for a length of over 
1^ miles ; besides, to occupy the old levee would require a till across Old Town Bayou, 
only 400 feet back from the river, which would be 270 feet long, 34 feet maximum 
height, containing, with 4 to 1 slopes, about 30,000 cubic yards, hence it was con- 
sidered wise to ma^e a long loop at a safe distance back from the river, and to cross Long 
Lake Bavou above its junction with Old Town Bayou, into which it discharges, 
thence follow up Old Town Bayou about 3,000 feet, crossing it about 2,000 feet inland, 
and, continuing the line back of caving bend, distant one-quarter of a mile and up- 
xwards, to meet the old levee again 5,700 feet above Yellow Banks Break. This loop 
is 15,500 feet long, on ground which overflows between 5 and 8i feet. The two bayou 
crossings are each about 110 feet wide. 29 feet maximum depth below grade, and 
require about 12.000 cubic ^ards embankment each. 

The proposed location will involve the excavation of a drainage ditch from Long 
Lake Bayou to Old Town Bayou ; this will be about 4,500 feet long, and contain about 
35,000 cubic yards. 

A survey was made for this, and project with map submitted to you February 2, 
1891. 

From the lower end of the loop (Station 1039) the old levee was followed to Yei- 
low Banks break. 

The portion of levee from Station 765 to Long Lake Bayou (Staticm 914) is on the 
same location as that made by Mr. Henry Qoodrich, assistant engineer, in November, 
1890. This was examined and accepted. The old levee from Station 1039 to Yellow 
Banks Bayou (Station 1097), including loop, which latter could not be revised on ur- 
count of high water, was surveyed by Assistant Engineer J. M. Kloster in 1887. This 
was examined, and no breaks or washes being found, the measurements and profile 
were accepted. Both Mr. Goodrich's and Mr. Kloster's work was recalculated to 
other slopes and grade line, their temporary bench-marks were rechecked, and high- 
water elevations of the flood of 1890 taken along their survey. 

The break at Yellow Banks Bayou is a large one and the loop to clear*it wiU require 
800 linear feet of 20-feet levee, or about 48,000 cubic yards of embankment. 

From this break (Station 1097) the line follows an old levee, from one-half to one 
mile back of the river, to Station 1305, above Modoc Landing (334). This portion has 
two small breaks in it. 

At Modoc the line crosses the head of Glade Lake and for over 2 miles follows the 
lake on a high ridge overflowing 5 to 6 feet and is from one-half to 1 mile inland. 
The overflow from Glade Lake is into Yellow Banks Bayou. A line was run between 
the foot of the lake and the bayou, and the crossing found to be so long and deep that 
I was obliged to cross the bayou at Station 1441, where it is 115 feet wide and 28 feet 
maximum depth below ^ade; thence following a hi^ cane ridge, where the overflow 
is from 5 to Y feet, the line recrosses Yellow Banks Bayou at Station 1534, where it is 
about the same width and depth as above, and at Station 1555, about one-half mile 
back from Hugheys Landing (337), it connects with the old levee. 
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The territory in frout of Glade Lake waa thoroughly explored, bat a line here is 
not feasible on account of too close proximity to the nver in a badly caving bend. . 

The doable crossing of Yellow Banks Bayoa will not interfere with the drainage, 
as both ends are open. In two places, one back of Hagheys Landing, and the other 
about 3 miles below, arms of this bayou were closed by the old levee, and the em- 
bankments are in' good condition now. 

From Hugheys Landing (337) to near the foot of Island No. 64 (343) the old levee 
was followed to Station i765, or about 4 miles. 

There are two levees here, bat the front one is quite small and broken, whilst the 
back one is large and in good condition and nearly up to high-water marks, with 
only two small breaks, from the end of the old levee the line crosses School Hoase 
Bayou, about one-half mile distant, and tmly one-quarter mile from the river. This 
crossing is 80 feet wide and about 22 feet below grade. Closing it will not Interfore 
with the drainage. Thence for about 1 mile the line follows iolens (or Flat) Lake 
on high ground, about 5| feet overflow, to Station 1952. 

From this point two lines were run, one in front and the other back of Bee Bayou 
swamp, whicii is back of Island No. 65 (345). 

The lines compare as follows : 





Lines. 


Length. 


CnMc yaids. 


Back line *. 


19.019 
12,379 


342,300 


y rfni< 1 iiio _.. ... 


338 009 








JMfforence 


6,640 


14.200 







llie front line is over 1^ miles shorter and contains 14,200 cubic yards less earth, 
but it is in front of a large cypress swamp, much of which overflows 20 feet, also on 
sandy soil, and 2,000 feet will require an embankment about 16 feet hiffh. The ba<k 
line follows the river side of a cane ridge, is on good ground, and has nom 6 to 7 feet 
overflow; it crosses some small bayous and one large one (Bee Bavou) 115 feet widt" 
and 22 feet below ^rade line. A somewhat better location of the front line could be 
had by coming within one-quarter of a mile of the river, but the bank is caving 
rapidly here, or near the upper end of the bend, whilst it has about ceased caving 
towards the lower end. 

From the intersection of the two lines about Station 2035 the lines follow a high 
cane ridge, the overflow of which is from 3 to 5 feet. 

At Upper Ludlow woodyard (347) the line approaches to within 1,200 feet of the 
river. 

From Station 2199 two lines were run, one along the old levee to Ludlow Landing 
(360) and the other is a cut-off line which meets the old levee about 1^ miles below 
Ludlow. The lines compare a« follows : 



Une. 


Length, feet 


Cubic yards. 


Frontline 


18,700 
12, 100 


252.200 


Back line 


*18G.50<i 








Difference 


6,600 


65,700 









Although the front line occupies the old levee for the most of the distance, the 
yardage is greater, a« the old levee is quit-e small, containing but 50,000 ctibic 
yards. 

Below the intersection of the frout and back lines, the line follows the old levee 
for 1^ miles, thence it runs back of the bend of Island No. 68 (363), distant about 
one-quarter of a mile inland, to an intersection with the "Carson Loop" levee, 

METHOD OF PKOCKDURK. 



The Wliite River front should be dosed by following the present plan, viz: Kx- 
teiid the levee from its present terminus above Old Town southward to Modoc, and 
from the upper end of the Laconia system northward to Ludlow's upper landing, 
leaving the intermodiate groimd until the last, for here are two large bayoufi which 
will drain the flood waters quickly to White River. 
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The tables accompanying this report show in detail the quantities of earthwork 
and clearing required. The embankment has been calculated upon a basis of 8 to 
10 feet crown, slopes 3 to 1 on each side, with grade line Irom 3 to 4^ feet above 
the high water of 1^90, which was the highest known. 

The muck ditch is to be large, equal to 3,000 cubic yards per mile section. 

The totals are as follows, for a length of levee 32^ miles : 

Cubic yards. 

Enlargement 999,232.6 

New work -. 1,382,513.2 

Muck ditch * 100,120.2 

Total , '.... 2,481,866.0 

The total yardage in old levee occupied is as follows : 

Cubic Tards. 

Above Old Town Landing 94,804 

Between Old Town and Modoc landings 225, 717 

Between Hughey's and foot of Island No. 64 113,225 

Below Ludlow's 34,964 

Total old levee 468,210 

The line has been plotted on the charts of the Mississippi River Commission, scale 
1-10000, and a profile has been made upon which essential information has been 
placed. 
These are herewith submitted. 

Very respectfully, your obedient servant, 

W. M. Rkes, 
A»9iBiant Engineer, 

Capt. S. W. ROESSLBR, 

Corps of EngvMWB, U. S. A, 



The following table shows elevation of high-water mark during floods of 1882 and 
1890, referred to Memphis datum: 



Location. 



1882. 



1800. 



Old Town Landing.. 

Modoo Landing 

Hugbey Landing . . . . 

Offutt Lauding 

Ladlow Landing 

J. Fergnnon's place.. 
Knowlton Landing . . 

Laconia 

Henrico 



176.8 




189.0 
183.7 
182.2 
177. 5 
175.7 
174. 3 
172.5 
17L6 
170.0 
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WHIT£ RIVKR FBOMT. 

Table showing in detail tke quantitiea i« each $ectianfrom Station 766 io S,609, 



Section. 



Station 
from — 



Station 
to— 



TCmhunlrineiit {euMo 
yaxds). 



^JJSf.'** »eww«rlL 



Kuck 
ditch. 



Timber 
foiling. 



18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

:w. 

31. 
32. 
33. 
34. 
3ri. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48.. 



706 

884+(M 

914 

915 

950+40 

003+20 

056 

108+80 

161+60 

214+40 

267+20 

320 

372+80 

425+60 

478+40 

531+20 

577 

629+80 

682+60 

735+40 

788+20 

841 

893+80 

946+60 

999+40 

052+20 

105 

157+80 

234+60 

287+40 

406+30 

459 

511+80 

564+60 



884+64 

914 

915 

9504 40 
1,003+20 
1,056 
1,108+80 
1,161+60 
1, 214+40 
1,267+20 
1,320 
1,872 + 80 
1,425+60 
1,478+40 
1, 531+20 
1,577 
1,629+80 
1,682+60 
1,735 + 40 
1,788+20 
1,841 
1, 893+80 
1,946 + 00 
1,999+40 
2,052+20 
2, 105 
2,157+80 
2,234+60 
2, 287+40 
2. 406+20 
2,459 
2,511 + 80 
2,364 + 60 
2,609 



181,841.6 



100,017.6 
99,763.5 

109,332.8 
65,797.5 
52,772.5 
52,159.7 



59,414.6 
44,943.5 
35, 771. 2 
48,992.1 



85,916.6 
62,509.4 



46,100.0 
12,000.0 
57.756.3 
89,196.9 



61,645.5 
83,696.0 
85,200.5 
66.055.9 



59,978.8 
67,807.4 
84,44L4 
117,569.6 
91,362.2 
78,^8.3 
52,179.8 
55,191.0 
44,773.2 
74, 158. 



45.832.1 
51,506.8 
57,22L5 



5,810.6 
1,761.6 



2,724.0 
8,000.0 
3,600.0 
8,000.0 
3,000.0 
8,000.0 
3,000.0 
3.000.0 
3,000.0 
3,000.0 
3,000.0 
3,000.0 
3,000.0 
3,000.0 
3,000.0 
3,000.0 
3,000.0 
3,000.0 
8,000.0 
8,000.0 
8,000.0 
3,000.0 
8,000.0 
8,000.0 
8,000.0 
3,000.0 
3,000.0 
3,000.0 
3,000.0 
3,000.0 
2,700.0 



Acrti. 



50.96 
16.71 
18.17 
28.63 
24.24 
24.24 
24.13 
23.60 
16.48 
11.93 
23.87 
23.87 
24.24 
21.12 
21.12 
34.24 
24.24 
24.34 
28.87 
24.34 
24.24 
34.34 
33.87 
18.52 
10.66 
18.84 
34.34 
34.34 
13.85 
5.51 
12.12 
19.93 



Old levee, 11,964 feflt 
From 765 to OU. 



Tliisfiectioa is 6,280 
feet long. 

Old levee 81,680 feet 



5,380 feet, 
h Old levee 30,430 feet 



> 6,280 feet in eectkn. 
I Old levee 17,160 feot 



Total. 



909,232.6 



1,882,518.3 



100.130.2 



701.78 



Totals- Cubic ysnl*. 

EDLarj^emcut 909,232.6 

New work 1,882,513.2 

Mack ditch 100,120.2 



Total 2,481,866.0 



Total old levee, usihI which has been deducted from above qnaatitiea, 468,210 euUo jarde. 
Length of old levee occupied, 81,2*^ feet=15.4 miles. 
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PLUM POINT REAOH. 



Table showing leaal channel depths and velocity of the river channels from May SI, 1890, to 

May 31, 1891. 



Date. 



Khoot giiuge 

reailingB. 

I (Zeroequaln 

*J38.06, Cairo 

datum.) 



1890. 
JjDne 6. 

18. 

2D. 

27. 
July 21. 

29. 
Aug. 6. 

n. 

20 
2«. 

St^pt. 8 
12. 

Oct. U. 

yov. 20. 
26. 

Dec. 5 

12 

1891. 

Jau. 9 
13 
20 
30 

Feb. 5 
11. 

May 25. 



20.00 

13.00 

1.X00 

15. 10 

8.50 

A. 60 

.5.50 

4.40 

4.90 

4.10 

6.60 

5.35 

6.50 

10.10 

14.85 

7.87 

4.95 

18.70 
20.60 
18.10 
13.30 
20.95 
25. 70 
7.70 



Guld DuHt. 



Island No. 30. 



Depth. I Velocity. Depth. Velocity. 



12* 


:j.94 


15 
15 


3.51 


20 
24 
13 


4.85 
4.47 
3.58 
3.20 

4.76 
4.86 
4.67 
4.56 


5.33 
3.83 



30 
22 
25 
25 
18 
16 
15 
14 
14 
12 
15 
14 
17 
17 
24 
18 
.15 

31 

32 

29* 

23 

314 

34 

16* 



5.10 
5.03 
5.88 
5.00 
4.62 
4.22 
4.19 
4. 15 
4.22 
4.37 
4.15 
4.98 



5.01 
5.01 
4.54 
4.31 

4.97 
6.05 
4.92 
4.32 



6.30 
4.59 



Plum Point. 



Depth. Velocity. 



34 
27* 



21 

19* 

19 

18 

18 

17 

19 

17* 

20 

21 

24 

20 

18 

32 
35 
32 
26 

32* 

38 

18* 



3.62 
3.80 
4.08 
4.51 
3.97 
3.83 
4.55 
.1.65 
3.67 
3.43 
3.58 



Osceola Bar to 
Dikes. 



Depth. Velocity. 



4.97 
4.57 , 
3.86 ! 
3.81 ' 

5. 05 ! 
3.74 I 
3.82 
4.56 I 



4.76 
4.76 



40 
30 
28 
27 
20 
26 
35 
24 

2n 

2>* 
28 
34 
26 
25 

37^, 
40J 

41 
44 j 

24 I 



3.89 




Lynch's. 
Dopth. Velocity. 



24 
16 
20 
21 
10 

? 

8 
8 
8 
10 
9 

1? 

10 
17 
8* 

21 
27 
23* 
18 



4.20 
3.40 
4.26 
3.90 
3.82 
4.08 
3.97 
3.72 
3.06 
2.75 
S.32 
3.18 



3.09 
4.39 
3.40 
3.51 

6.07 
5.20 
4.16 
4.02 



4.82 
3.64 



BuUerton Gap. 



Depth. Velocity. 



15 

17 
17 
■ 5* 
2* 
1 
1 
3 
3 

? 

6 

10 
7 



20 
14 

10 



4.29 



3.36 
3.36 



3.53 
4. 05 
3.12 
2.04 

3.22 
4.05 
4.22 
2.70 



4.09 
3.55 



BullertoD. 
Depth. Velot'ity. 



I 



11 : 



(*) 
(*) 
(*) 
(*) 
(*) 
(*) 
(*) 
(*) 
(*) 

D 

(*) 
(*) 
(*) 



•ni 



2.60 



l.CJl 
.X15 
2,97 



11 
15 
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'r act of proposals for four mattress barges, received in response to advertisemetU 
^^ted May S, 1891, and opened May SO, 1891, by Capt, S. W. lioessler. Corps of En- 



Kame and reaidenoe of bidder. 


Cost. 


David S. Banuoro, Madiaon, Ind 

1 

/ 


$5,320 each for two mattreaa barges to be delivered on 
Flam Point Beach Dot later than July 20, 1891, provided 
navigation is not suapended on Ohio River. $4,920 each 
for two mattreaa barges to be delivered at Madison, 
Ind., not later than July 20, 1891. $5,220 each lor four 
mattress barges to bo ilelivered on Pliun Point Keaoh 
not hkter than Aug. 10, 1891, provided navigation is not 
suspended on Ohio River. $4,900 each for four mattress 
barges to be delivered at Madison, Ind., not later than 
Aug, 10, 1891. 



NOTB.— Bids r^eoted. 



ibstract of proposals for brush and poles for use at Flum Foint Reach, received in response 
to advertisement dated May 23, 1891, and opened June IS, 1891, by Capt, JS. W. lioessler, 
' Corps of Engineers, 



No. 



Kame and residence of bidder. 



Brush. 



Poles. 



Joseph Evins, Dardanelle, Ark . . 
Hunter & Prey, Memphis, Tenn 
Driver & Carr, Osceola, Aj k 



Fereord. 
$1.11 
1.02 
1.09^ 



Fereord. 

$2.25 

1.5C 

L76 



2roTB.->Bid of Hunter Sc Prey accepted. 



IMPROVING MIS8I88IPP1 RIVKR, FIRST AND SECOND DISTRICTS. 

Itemized statement of expenditures on works of construction, from June 1, 1890, to May SI, 

1891. 





Care and 

repairs of 

plant. 


Surveys. 


Fletcher 
Bendra- 
vetment. 


Elmot 

Chute. 

Dike. 


IsUndSO 
Chute 
Dike. 


Coal 


$863.15 
496.03 

4,695.98 
111. 25 
447. 44 
253.30 

1, 030. 10 
258.68 
345.64 
109.39 

2,434.94 
23.20 


$637.25 
1.50 
i.48 


$61.80 

30.67 

22.93 

1.37 

2.74 

15.08 


$293.97 
4.15 

27.79 
2.50 
1.87 

28.58 


$129.09 


Iron 


Lumber 




Nails 




Ottkura 








56,82 
5.90 


28.04 


paSit^!".^!*..^:::::::::::::::::::::::: 


Pipe-flttiugs 








Kopo 


44.08 




65.00 
66.25 

483.37 
1,071.94 

474.54 




Spikes 


1.50 
153.46 


51.04 
170.07 
606.60 
223 35 


lowing 




Piling 




Wire and wire strand 







Brush 




" t 




Poles 












Stone ' 










'MijiiOollHiiAMnfl 


1,4I.'>.66 
4:i, 099. 89 
5,837.24 


152. 17 

5, 421. 52 

647. 0.'> 


32.45 

1, 873. 52 

196.70 


25.00 

3,539.86 

881.71 


2.13 

2,032.53 

626.34 


SniHTint«^iidpnce anil labor 

Omce and general administration 




61,421.89 


6,970.77 


2,393.21 


6,966.53 


3,869.79 
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WaiTJB BIYER FBOMT. 

I'able »homny in detail tKe quantities in each seotianfrom Station 766 to g,609. 



Section. 



Station 
from— 



Station 
to— 



Xmbookment (eaUe 
yuds). 



^^^ Newwork. 



Knck 
ditch. 



Timber 
felling. 



18., 
19. 
20., 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
:». 
31. 
:i2. 
:e. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 



766 

884+(M 

914 

915 

950+40 

003+20 

056 

108+80 

161+60 

214+40 

267+20 

320 

372+80 

425+60 

478+40 

531+20 

577 

629+80 

682+60 

735+40 

788+20 

841 

893+80 

946+60 

999+40 

052+20 

105 

157+80 

234+60 

287+40 

406+20 

459 

511+80 

564+60 



884+64 

914 

915 

9504 40 
1, 003+20 
1,056 
1, 108+80 
1,161+60 
1, 214+40 
1,267+20 
1,320 
1,372+80 
1,425+60 
l,478f40 
l,5:n+20 
1,577 
1,629+KO 
1,682+60 
1,735 + 40 
1,788+20 
1,841 
1,803+80 
1,946+60 
1.999+40 
2,052+20 
2, 105 
2,157+80 
2,234+60 
2, 287+40 
2,406+20 
2,459 
2,511 + 80 
2,564 + 60 
2,609 



181,841.6 



Total. 



100,017.6 
99, 763. 6 

109, 332. 8 
65,797.5 
62,772.5 
62,159.7 



59,414.6 
44,943.5 
35, 771. 2 
48,992.1 



85,916.6 
62.509.4 



46,100.0 
12,000.0 
57,756.8 
89,198.9 



61,646.6 
83,696.0 
85,200.6 
68,055.9 



60,978.8 
67,807.4 
84,44L4 
117, 589. 6 
91,362.2 
78,818.8 
52,179.8 
65, 191. 
44,773.2 
74, 158. 



45,832.1 
51,506.8 
57, 221. 6 



6,310.6 
1,761.6 



2,724.0 
8,000.0 
3,600.0 
8,000.0 
3,000.0 
8,000.0 
8,000.0 
3,000.0 
8,000.0 
3,000.0 
3,000.0 
3,000.0 
8,000.0 
3,000.0 
3,000.0 
8,000.0 
8,000.0 
8,000.0 
8,000.0 
8.000.0 
8,000.0 
8,000.0 
8,000.0 
8,000.0 
8,000.0 
8,000.0 
8,000.0 
3,000.0 
8,000.0 
3,000.0 
2,700.0 



Acrti. 



50.96 
16.71 
18.17 
28.63 
24.24 
24.24 
24.13 
23.60 
16.48 
1L«3 
23.87 
28.87 
24.24 
21.12 
21.12 
24.24 
24.24 
24.24 
28.87 
24.24 
24.24 
24.24 
28.87 
18.62 
10.56 
18.84 
24.24 
24.24 
12.85 
6.51 
12.12 
19.02 



Old levee, 11,964 feet 
From 766 to 015. 



Tbie neotion Is 6,280 
leet long. 

Old leree 81,680 fMt. 



16,280 feet. 
Old leree 20.420 feet 



[6,280 feet in seotioB. 
[Old levee 17,160 feet 



900.232.6 



1,382,613.2 



100,120.2 



701.78 



Totals- Cubic y»nli«- 

Enlargem on t 099, 232. fi 

New work 1,382,613.^ 

MuckcUtch 100,130.2 



Total a,481,8«6.« 



Total old leveo, used which has been deducted from above qnaatitiee, 468,210 cubic yazdB. 
Length of old levee occupied, 81,221 feet=16.4 miles. 
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PLUM POINT REACH. 



Table ehowing leant channel depths and velocity of the river channeU from May SJ, 1890 j to 

May SI, 1891. 



Date. 



\ Klmot gange 
j readings. 
' (ZeroequalB 
238.06, Cairo 
I datum.) 



1890. 




Jxine 6 


20.00 


13 


13.00 


20 


15.00 


27 


li5. 10 


July 21 


8.50 


29 


fi.«0 


Aug. 6 


.5.50 



13. 

20 . 

20.. 
Sept. 8.. 

12.. 
Oct. 11.. 
Nov. 20.. 

26.. 
Dec. 5., 

12.. 
1801. 
Jau. 9.. 

13.. 

20.. 

30.. 
5.. 

11.. 
May 25.. 



Feb. 



4.49 
4.90 
4.10 
6.00 
5.35 
6.50 
10.10 
14.85 
7.87 
4.95 

18.70 
20.60 
18.10 
13.30 
20.95 
25.70 
7.70 



Gold Dii8t. 



Depth. Velocity. 



12* 



15 
15 

'^ 

29 

^ 

24 
32J 
36 
13 



3.94 
'3.51' 



4.85 
4.47 
3.58 
3.20 

4.76 
4:86 
4.67 
4.56 



6.33 
3.83 



Island No. 30. 



Depth. Velocity. 



30 
22 
25 
25 
18 
16 
15 
14 
14 
12 
15 
14 
17 
17 
24 
18 
.15 

31 
32 
20^ 

23 
314 
34 
l«i 



5.10 
5.03 
5.38 
5.00 
4.62 
4.22 
4.19 
4.15 
4.22 
4.Ji7 
4.15 
4.98 



5.01 
5.91 
4.54 
4.31 

4.97 
6.05 
4.92 
4.32 



6.30 
4.59 



Plum Point. 



Depth. Velocity. 



34 



21 

194 

19 

18 

18 

17 

19 

174 

20 

21 

24 

20 

18 

32 

35 

32 

26 

324 

38 

184 



3.62 
3.80 
4.08 
4.51 
3.97 
3.83 
4.55 
.3.65 
.^67 
3.43 
3.58 



Osceola Bar to 
Dikes. 



Depth. Velocity. 



4.97 
4.57 
3.86 
3.81 

3.74 
3.82 
4.56 



4.76 
4.76 



40 
32 
39 
40 
30 
28 
27 
26 
26 
35 
24 
2« 
28 
28 
34 
26 
25 

;1S ! 

41 
44 j 

24 I 



Date. 



I Lower Plum Point. 



1890. 
June 6... 

13... 

20... 

27... 
July 21... 

29... 
Aug. 6... 

13... 

20... 

26... 
Sept. 8... 

12... 
Oct. 11... 
Nov 20... 

26... 
Dec. 5... 

12... 

1891, 

Jan. 9... 

13... 

20... 

:)0... 

Feb. 5... 

11... 

May 25... 



Depth. Velocity. 



30 

244 

26 

25 

194 

17 

15 

14 

15 
14 
17 
17 
23 
14 
12 

27 

29 

271 

21 

30 

34 

16 



4.20 
4.20 
4.44 
3.95 
3.9:) 
4.55 
4.18 
4.00 
4.00 



4.26 
3.95 



3.81 
3.79 
3.50 
3.61 

4.27 
4.41 
3. 5:1 
4.35 



4.35 
3.59 



Lynch's. 



Depth. Velocity. 



24 
16 
20 
21 
10 



8 
10 
9 

1? 

19 
17 
84 

21 
27 



30 
11 



4.20 
3.40 
4.26 
3.90 
3.82 
4.08 
3.97 
3.72 
3.06 
2.75 
3.32 
3.18 



3.09 
4.39 
3.40 
3.51 

5.07 
5.29 
4.16 
4.02 



4.82 
3.64 



BuUertou Gap. 



Depth. Velocity. 



23 
15 
17 
17 



1 
3 
3 

? 

6 

Tat 

10 
7 



20 
14 



10 



4.29 



3.36 
3.36 



3. 53 
4.a'> 
3.12 
2.04 

3.22 
4.05 
4.22 
2.70 



4.09 
3.55 



Biillertou. 
Depth. Velocity. 



11 

5 

(*) 
(*) 
(*) 
(*) 
(^) 
(*) 
(*) 
(*) 
(*) 
(*) 
(*) 
(*) 
(*) 

8 



2.60 



l.G!> 
3. 1.'^ 
2.97 



11 

15 



ENO 91- 



-227 



* No dlschargo. 
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Ahulmct of froposaU far hru$h andpoUifor u$e at Colwmbu$, Kjf,, reoewed in retpout 
to advertisement dated July gS, 1890, and opened Anffuet 7, 1890, bjf CapU S. W, Bot$h 
ler, Corps of Engineere, 



Ko. 



Name aod residence of bidder. 



Pelai. 



Whiinev Gilbreath, At*, HI 

Julius Serbian, Cairo, III 

Hnnier & Frey, Memphis, Tenn 

Holmes Sl StooUey, Memphis, Tenn 
Bryant & PiokeU, Hickman, Ky . . . . 



P«reoreL 


Perctnd. 


♦1.18 


$1.48 


1.48 


3.» 


1.26 


2.35 


1.23 


2.25 


1.05 


LM 



l^OTE.— Bid of Bryant Sl Piokett accepted. 



ibsiraot of proposals for levee work %n second tUstrxctf reoewed in response to advenieement 
dated November 8, 1890, and opened November 18, 1890, hjf CapU S, W, Roessler, Corps 
of Engineers. 



Ko. 



Kame and reaidenoe of bidder. 



Upper Mississippi Leroe 
district (per yard). 



kdrcle 

(per yard). 



•S«e 

la 



Harrey Sc Scott, Memphis, Tenn . . . 

Z. A . Hakes, Memphis, Tenn 

Flynn Sc De Garis, Memphis, Tenn 

T.'SuIlivan, Memphis, Tenn 

A . Arnold Sc Co., Memphis, Tenn . . 

Gary Bros., New Orleans. La 

T. ^. Aderholdt, Friar Point, Miss . 

Jos. C. Neeley , Bard well, Ky 

P. F. Lamb, Memphis, Tenn ^. 



CU. 
•34 



Ots, 
21 



OCt. 



Of. 



OU, 



Ots, 



Ote. 

m 



80 
28* 



Cts, 
•16 

m 



•19} 



22* 



27 

*28 

•241^ 



t3l 



211 24| 



19* 22 






•Accepted. 



tXid«oted. 



Abstract of proposals for levee teorh in eeoond district, received in reeponee to advertise- 
ment dated December IS, 1890, and opened December 19, 1890, by Capt 8, W. Roessler, 
Corps of Engineers, 



Ku. 



Kaiiie and residence of bidder. 



.Tetfriew & Damcron, Memphis, Tenn.. 
Timothy Sullivan, Memnhis. IVnn.... 
Johnson & McDonoll, Memphis, Tenn 



Helena Front (per caUo yard). 



Star 
tions 
765 to 
804.66. 



Cents. 



Sta- 
tions 
804.66 

to 
822.66. 



Sta- 
tions 
822.56 

to 
857.35. 



Cmts. 



271 
31 



tioaa 
8S7.S6 

to 
870.66. 



Sta- 



870.66 

to 
884.64. 



OmCi. 



884.64 
to 614. 



Oei^U. 



2«oTB.~All bids r^ueoted. 



APPENDIX Z Z — ^REPORT OF MISSISSIPPI RIVER COMMISSION. 3619 

Abstract of proposals for four mattress barges, received in response to advertisemeiU 
dated May S, 1891, and opened May SO, 1891, by Capt. S. W, lioessler, Corps of En- 
gineers, 



No. 


Xame and residonoe of biddor. 


Coat. 


1 


David S. Barmore. MadlMD, Ind 


$5,320 each fur two mattresa hargea to be delivered on 
Plani Point Beach not laterthan July 20, 1891, provided 
navigation is not auapended on Ohio Biver. $4,920 each 
for two mattreea barges to be delivered at Madiaon, 
Ind., not Uter than Julv 20, 1891. $5,220 each tor four 
mattress barges to bo cTelivered on Plum Point Keach 
not later than Aug. 10, 1891, provided navigation is not 
suspended on Ohio River. $4. 900 each for four mattxess 
barges to be delivered at Madison, Ind., not Uter than 
Aug, 10, 1891. 



NoTB.— Bids rejected. 



Abstract of proposals for brush and poles for use at Flum Point Reach, received in response 
to advertisement dated May 23, 1891, and opened June IS, 1891, by Capt, S, W. Roessler, 
Corps of Engineers, 



Na 



Name and residence of bidder. 



Brush. 



Poles. 



Joseph Evins, Dardanelle, Ark. . 
Hunter Sc Prey, Memphis, Tenn 
Driver &, Carr, Osceola, Ai k 



Fereord. 
$1.11 
1.02 
L09| 



Pereord. 

$2.25 

1.5C 

1.75 



NoTB.-xBid of Hunter &. Prey accepted. 



IMPKOVING MI88188IPPI KIVKK, FIRST AND SECOND DISTRICTS. 

Itemized statement of expenditures on works of construction, from June 1, 1890, to May 31, 

1891. 





Care and 

repairs of 

plant. 


Surveys. 


Fletcher 
Bend re- 
vetment. 


• 


ishudao 

Chute 
Dike. 


Coal 


$863.15 
496.03 

4,e9.«>.98 
HI. 25 
447.44 
253.30 

1, 030. 10 
258.68 
345.64 
109.39 

2,434.94 
23.20 


$637.25 
1.50 
4.48 


$6L80 
30.67 
22.93 
1.37 
2.74 
15.98 


$293.97 
4.15 

27.79 
2.50 
1.87 

28.58 


$129.09 


Iron 


Tj>umbf>r -- 




>faiU 




( )akura , . . . 








56.82 
5.90 


29.04 


Paint 


Pipe-flttings 








IJope 

Spikes 

Towing 

Piling 

"Wire and wire strand 


44.08 




65.00 
66.25 

483.37 
1,071.94 

474.54 




1.59 
153.46 


.51.04 
170.07 
606.60 
223.35 










Brush 






Poles ' 










Stone ' 










Miscellaneous 


1,415.66 
43, <n». 89 
5,837.:M 


152. 17 

5, 421. 52 

647. 05 


32.45 

1, 873. 52 

196.70 


25.00 

3,539.86 

881.71 


2.13 

2,032.53 

626.34 


Siii)eriut4>iulf>nce and labor 

Omce and general adjuinistration 




61,421.89 


6,970.77 


2,393.21 


6,966.53 


3,869.79 
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Itemized staiement of expenditures an warht of vonatruvtioUf ett: — Coutiuiied. 



C«h1 

Iron 

lAimber 

Nails 

Oakum 

Oils aud suppliea 

Paint 

Pipe-tlttinga 

Rope 

ISpikes 

Towiug 

I*iliuK 

Wirt) and wire strand 

lirush 

Poles 

St^ine 

Miseellant>ous 

Siiwrintondence and lalwr 

Omc'c and .iccuoral admiiii8tration. 



Goloiubos, 



♦1, 



380.50 
49.46 

378. 45 
22.81 

127.89 
48.75 



114. 50 
88.42 
562. 02 



Osceola 
Bar. 



$468.70 

44.15 

42.80 

8.C2 

7.!>5 

223.52 



1,851.90 

121. 51 

2, 112. 07 



087.77 
934.10 
636.00 
178.23 
82. .'>6 
309. 22 
071.51 



2,749.10 
12. 402. 17 

2. 928. 41 

17, 482. 68 

19.18 

•-r7.719.05 

6, 670. 68 



Ash port 
Bend. 


HoiMPfield 
Bt-nd. 




f618. 75 




7.28 




22.50 











tl14.(M) 
10. 35 



TotaL 



358.62 I 
36.30 I 
25.00 I 



878.24 ' 
1,995.55 I 

399.63 
2,264.00 

.52.97 1 
7,161.75 
1.313.08 ■ 



$4 

5. 



5, 
1. 
5. 
16. 
3, 



101, 
17, 



45.1. 

03:1. 

194. 
146. 
587. 
654. 
036. 
2.58. 
779. 
474. 
9il. 
701. 
413. 
3:11. 
964. 
924. 
782. 
271. 
254. 



21, 073. 09 I 74, 852. 09 1 124. 35 J 15, 133. 67 , 192, 805. 39 



Ajqu'aximale value of plant belonffing 16 the United States and used upon the impropemeHt 
of the Mississippi River y first and second districts. 



Class of property. 



Sk'araer TUnn . . . 
SU'aiuer EiriiM . . 
St«iuner Itasea . . 
St<*anier Graham 
SteamiT A bbot . . 
Launch Titania . 
I^aunch Daphne . 

Pile driverH 

Quarter boats . . . 
MattresH harj2;oa . 
Mooring barges . . 
Sand puiup 



Approxi- 
mate value 
May 31, 
1891. 



$20, 
8. 
6, 
6, 
3, 



42, 

22, 

10, 

5, 



Class of property. 



I Approxi- 
v^ mate value 
^**- M»v 31, 
1891. 



Graders 

Pi'rrick boat 

Barcos 

Ma<?iiuc-8hop boats 

Floating docic 

FlatlH>ats 

Skifls 

Tools, appliances, et<i. . . 

Office furniture 

Surveying InHtrumcutM. 



Total. 



1 

43 > 

2 ' 

1 

i\ 



$15, 210 

1,800 

22.936 

3,975 

6,110 

.Ti5 

23t> 

12,500 

264 

625 



192,912 



FIRST AND SECOND DISTRICTS. 



Disbursements tnade under appropriation for improving Mississippi River from July i, 1S90, 

to June SOf 1S91. 



Contracts made with- 



Bryant A Pickett - 
Harvey & Scott... 
'IMmotliy Sullivan. 
T.8. Aderholdt... 



For what made. 



Willoir brush and poles . 

Levee work 

...do 

...do 



Disburse- 
ments un- 
der con- 
tracts. 



LiabUitirs 

under c*m- j 

tracts. 



$2, 645, 48 

81,862.27 ) 

25. 362. 58 ' > 

5, 2.52. 31 ' S 



$61,332.31 



Total. 



$2,645.48 

81,862.27 

8<>,694.XS 

5, 252. 31 



115,122.64 61,332.31 176,451.08 
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'JHshnreements m€ide oiherfrnM fhan untffr confrarf. * 



For what expended. 



By public 

notice and 

BealudpTO- 

poaala. 



In open 
market. 



Liabilitie«. 



Total. 



Material and sapplies 

Subsistence 

ServIceB , 

Tools, appliances, and outfit. . 
Hisoellaneons 



$14,915.71 
10, 294. 36 



200.14 
40.75 



$47,605.03 
13.752.88 

123,235.67 
8,455.17 
4,228.65 



$31,219.69 

964.81 

6,450.00 

6, 295. 18 

104.14 



25,450.96 197,367.40 



45,03.^82 



$93,830.43 
25,012.06 

129,685.67 
14,950.49 
4, :i73. 54 



267,852.18 



TA8t of civilian engineers employed on work of improving Missisftippi River y first and 
second districtSj in charge of Capt. iS. W. HoessleVy Corps of Engineers, from June 1, 
1890, to May SI, 1891. 



Name and residence. 



Time 
employ- 
ed. 


Pay ' 
per 
month. 


MonthM. 
\ 7 

r 2H 


$150 


175 
200 


'i 


176 
200 


[ m 


120 


1 7A 


160 


[ 2A 


125 


1 ^ 


. 126 


m 


liO 


•»^» 


125 


^^ 


90 


r M 


150 


I m 


175 

100 


218 


100 


2 


175 


i8 


150 
140 


•ii 


125 


ii 


100 


m 


100 


I 1 


75 
90 
75 


1 


70 



Work on which employed. 



AnfT. J. Nolty, Chattanooga, 
Tcnn., 



W. M. Bees, Memphis, Tenn . 



C. W. Stnrtevant, Amelia, 
Ark. 



Wm. Oerig, Columbia, Mo. . . . 

Charles W. Stewart, Cham- 
paign, III. 

LoniA £. Kitter, Cleveland. 
Ohio. 

Oustav Bischoff, Memphis, 
Tenn. * 

a £. Moore, Friar Point, 
Miss. 

Fred . Wigstrand, Friar Point, 

Mi8fl. 
E. T. Washburn, Friar Point, 

Miss. 
E. C. Tollinger, Arkansas, 

City, Ark. 
Hy. Steublng, Louisville, Kv - 
Henry Goodrich, Lake Provi- 

dence,La. 

A. F. Kilpatriok, Memphis, 
Tenn. 

B. Domblaser, {Memphis, 
Tenn. 

T. N. Llewellyn, Arkansas, 
City, Ark. 

George R. Lacy, Arkansas, 
City, Ark. 

D. H.*Howell, Arkansas City, 
Ark. 

John C. Hntchinson, Arkan- 
sas City, Ark. 



Amelia, Ark 

,...do 

Memphis, Tenn . . 

....do 

... do 

Amelia, Ark 

....do 

Modoc, Ark 

Memphis, Tenn.. 
Columbus, Ky . . . 

Amelia, Ark 

Memphis, Tenn . . 
Friar Point, Miss. 

....do 

....do 

....do 

Laconia, Ark 

do 

....do '.... 

....do 

....do 

...do 

....do 

....do 

....do 

.-..do 



Improving Mississippi River: 
rlum Point Reach. 
Do. 

Levees, White River Basin and 
office duties. 
Do. t 

Appropriation for examinations, 
surveys and contingencies of 
rivers and harbors (act of Sep- 
tember 19, 1890. 

Improving Mississippi River ;, sur- 
veys, firat and .<iec4}nd districts. 

Improving Mississippi River; 
Memphis Reach and Columbus, 
Ky. 

Improving Mississippi River; 
levees. White River Basin. 

Improving Mississippi' Kiver; sur- 
veys, first and second districts. 

Improving Mississippi River; Col- 
umbus, Xv. 

Improving Mississippi River; sur- 
veys, first district. 

Improving Mississippi River; sur- 
vey of St. Francis Front. 

Improvini; Mississippi River; 
levees, upper Mississippi levee 
district. 
Do. 
Do. 

Do. 

Improving Mississippi River; 
levee. White River Basin. 
Do. 
Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 

Do. 
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Bivtr tannage andpatBengtr traffic for the calendar year 1890. 



Name of Une or i 



BescripttoiL 



Steam- 



Ko.ot 
trips. 



Total 
freight. 



Greatest 
draft. 



ATcnge 
tonnage. 



Cabin. Beck. 



Memptaia and dnelnnatlPaeket 
Company 

St Louis and Missiaaippi Yal- \ 
ley Traaaportation Company > 

St. lonis and New Orleaaa An- 
chor Line 

St. Lonia and Natches Anchor 
line 

Steamer i^te of Jftssourf 

Steamer IT. P. iScA^ndb 

Lee Line steamers 

Steamer New Mary Houston. . . . 

Steamer Ckiekataw 

Arkansas Rirer Packet Com- 
pany 

Steamer OtMdin^ Aor 

Steamer JSTote Adomt 



86 
68 

406 



128 

1 
9 



Tons. 
14,633 



Ft. in. 
fi 



65 

8 

104 



460,682 

U0,694 

149,934 
2,400 
14,169 
61,000 
18,160 
18,792 

17,682 
14,361 
27,029 



795 

*i,"46o"| 

2,000 

1.500 
2,000 
1,178 

580 
1,164 

734 

548 
1,122 
1,200 



I 



4,504 j 3,1A> 
21,162 }9,m 

"si^'V.'.'.V... 



1,164 
2,331 



1,912 • 994 
4,040 I 12,1» 



Nan.— It has been impossible to obtain satiafiaotory lists giylng the amounts of the prin<dpal arti- 
dea traaaported, aa anoh olaasiilcationa have not heretofore been kept by all the ateamboat lines. 



Appropriations far improving Mississippi River, first and seoand districta. 

Jnne 80, 1890. Balance available, as foUows: 

First district $66,548.85 

Second district 28,643.78 

First and second districts 19, 002. 37 

$114,195.00 

June 30, 1891 . Amount allotted by Mississippi Ki ver Commis- 
sion to date, as follows : 

Plum Point Reach 747,500.00 

Plant, first and second districts 130, 500. 00 

Levees, Upper Mississippi levee district 90, 000. 00 

Levees, second district, Yazoo Front 15, 250. 00 

Levees, White River Basin , 192,500.00 

Preservation of works 15, OOO.'OO 

Surveys, gauges, and observations 15, 000. 00 

Hickman, Ky 500.00 

New Madrid, Mo 1,000.00 

Helena, Ark 22,500.00 

1, 229, 750.00 

Total... 1,343, 946. W 

July 18, 1890. Amount reserved by Chief of Knguieers (Hick- 
man, Ky.) $118.00 

March 21, 1891 . Amount reallotted by Mississippi River Com- 
mission 125,000.00 

June 30, 1891. Amount expended from July 1, 1890, to date, 

exclusive of liabilities outstanding June 30, 1890 330, 931. 07 

Outstanding liabilities 45, 033. 82 

Amount covered by existing contracts 61, 332. 31 

562,415.20 

JuneSO, 1891, balance available 781,529.^) 

f Amount that can be profitablv expended in fiscal year ending June 

I 30, 1893 ! ' 1,000,000.00 

] Submitted in compliance with requirements of sections 2 of the river 
t and harbor acts of 1866 and 1867. 
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APPHOPRIATION FOR IMPROVING MT88I881PP1 RIVRR, FIRST AND SECOND I>I8TRier8. 

General lalan^e sheet, 
PLUM POINT REACH. 



1800. 
Jane ao 



Nov. 25 



3891. 
Mftr. SM) 



To balance, inclnding 11** 
bUltiea 

To amonnt aDotted by Hie- 
aiMippi River Commia- 
aion 

do 



$12, 18ft. 22 

297,500.00 
450,000.00 



750,665.22 



1891. 
Mar. 21 



June 30 



By amount reallotted by 
MisHiiMfppi River Com- 
misaiou 

By amonnt expended from 
July 1,1890, to dftte 

By liabilitiea 

By balance 



$125. 000. 00 

103,0.19.44 
26, 131. 15 
604,804.63 



750,665.22 



LEVEES, PLUM POINT REACH. 



1890. 
June 80 



To 



975.97 



1800. 
Deo. 81 



By amonnt transferred to 
preservation of works. 



$75.97 



SURVEY OF ST. PRANCIS FRONT. 



1890. 
Oct 2 



To amount transferred from 
protection of levees, sec- 
ond district 



$300.00 



800.00 



1800. 
Deo. 31 



By amount expended 

By amount transferred to 

surveys, gauges, and ob- 

lions 



survevs, j 
servationi 



$249.50 



50.50 



GAUGES, FIRST DISTRICT. 



1800. 
June SO 



To balance, including li*- 
bilities 



$831.50 



03L50 



1890. 
Deo. 31 



By amount expended 

By amount tnmsferred to 
survevs, gauges, and ob- 
servations 



$368.00 



563.50 



931.50 



SURVEYS AND EXAMINATIONS, FIRST DISTRICT. 



1880. 
June 80 



To balance . 



$1,841.45 



1,841.45 



1890. 
Dec. 81 



By amonnt expended 

By amonnt transferred to 
surveys, gauges, and ob- 
servatlonB 



$632.97 
1,208.48 



1,841.45 



HICKMAN, KENTUCKY. 



1800. 
June 30 
Nov. 25 



To balance , 

To amount allotted by Mis- 
sissippi River Commis- 
sion 



$48,647.76 



500.00 



49,147.76 



189L 
June 30 

1880. 
July 18 

1891. 
June 30 



By amount expended 

By amonnt reserved by 
Cbief of Engineers 

By balance 



$t,050..^l 

118.00 
47, 370. 42 
49,147.7« 
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GfiJteral halanoe sheet — Continned. 
UOLUICBUS, KENTUCKT. 



.1890. 
Juno 30 



To balanoe, including lift- 
biUties 



$13,016.16 



1890. 
Deo. 81 



By amounted expended to 
date 



$13,016.16 



KBW MABBID, MISS0X7JBI. 



1890. 
Nov. 25 



To amoant allotted by His- 
siBAippi Biver Commis- 
alon 



$1,000.00 



1801. 
■June 30 



By balAnoe.. 



fi.ooo.oa 



IIEICPHIS BEACH. 



1890. 
June 90 



To balance, inolnding lia- 
bilities 



$16,178.67 



16,178.67 



1800. 
Dec. 81 



By amount expended 

By amoant transferred to 
Memphis Harbor , 



$12,780.70 
3,307.97 



1«, 178. S7 



MEMPHIS HABBOB. 



1890. 
June 30 



Deo. 31 



To balance, including lia- 
bilities 

To amoant transferred from 
Memphis Beach 



$5,619.74 
3,397.07 



9,017.71 



1801. 
June 80 



By amount expended 

4ate 

ByllabUities 

By balance 



to 



$6,103.28 
29.35 

2,885.08 



0,017.71 



LEVEES, WHITE BIVEB EBONT. 



1890. 
June 30 



To balance . 



$3,954.35 



3,954.: 



1890. 
Dec 81 



By amount expended 

By amount tnnsferred to 
levees, White Blver 
Basin 



5.47 
8,201.88 



8,054.35 



FIRST LEVEE DISTBXCT, MISSISSIPPL 



1890. 
Jane 30 



To balance. 



$510.06 



1890. 
Deo. 31 



Bv amount transferred to 
levees, Upper Mississippi 
levee district 



$510.06 



OBSERVATIONS AND DISCHARGES, SECOND DISTEICT. 



June 30 



To balance . 



$2.07 



1890. 
Deo. 31 



By amount exiMmded. 



$2.07 
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General balance eheet — Continued. 
OAUGBS, SECOND DISTRICT. 



1890. 
June 80 



To balanoet iBolnding lia- 
bUltlea 



$282.50 



1890. 
I Dec. 31 



282. M 



By Rmotint ftxp<mfl6(l 

By amount trauHfcmHl to 
Burvoyn, frAii>r(W, and oh- 
RervfttloiiH 



♦270.00 



12. 50 



282. SO 



SURVEYS AND EXAMINATIONS, ^ECOND DlSTRirT. 



1800. 
June 30 


To ImImkm) 


$1, .WS. 06 


' 1890. 
Deo. 31 


By amonnt exponded 

By amount tranHfemd to 
snirevs, gauges, and o!i- 
aerTiitionB 


$455-17 






1, 119. 89 










1,575.06 


1.575.06 


HELENA, ARK. 


1890. 
Jane 30 


To ImlAIKM^ 


$2.80 
22,600.00 


1881. 
Jun« 30 


By balance 


$22, 502. 80 


0«t 16 


To amount aUotted by His- 
aissippi Kiyer CommLn- 
gion 














22,502.80 


22, 502. 80 



PROTECTION OF LEVEES, SECOND DISTRICT. 



1890. 
Jnne 30 



To balance . 



$5,004.45 



5,904.45 



1890. 
Oct. 2 



Dec 81 



By amount transferred to 
Burvey St. Francia Front . 

By amonnt transferred to 
pre8er\'ation of works 



$300.00 
5,604.45 



-5,904.45 



CARE OF PLANT, FIRST AND SECOND DISTRICTS. 



1890. 
June 30 



To balance, including Ua- 
bUitiee 



$80,452.15 



20,452.15 



1890. 
Dec. 31 



By amonnt expended ' $20, 444. 80 

By amount transferred to 

plant, first and second 

districts 



7.35 



20, 452. 15 



SURVEYS, FIRST AND SECOND DISTRICTS. 



1890. 
Jnne SO 



Tobalance ! $1,255.30 



1,256.30 



1890. 
Deo. 81 



By amount expended 

By amount transferred to 
murrevB, gauges, and ob* 
serrations 



$731. 14 



524.16 
1,255.30 
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(Jeturul balance nKeet— Cootiniied. 
PLANT, BIHST AlTD SBCOND DISTBICT8. 



1890. 
Nov, 25 



Deo. 31 



To amoant. allotted by MIb* 
sisftippi Kiver Commis- 
sion 

To amount transferred from 
care of plant 



$130,600.00 
7.35 



130,607.86 



1891. 
JTiuie 30 



9y amomitexpeiiidfld to date. 

Byliabflitiea 

By* • 



$3i,40flL39 
18,41&3S 
7«.682.74 



iaO,60i7.3S 



PRBSEKVATIOK OF WOBKS. FIRST AND SECOND DI8TBICTS. 



1890. 
Nov. 25 



Dee. 81 



To amount allotted by Ifia- 
sissippi Biver Commis- 
sion 

To amoimts transferred aa 
follows: 
Pxoteotlon of levees, 

Second district 

LeveesL Plum Point 
Beaoh 



$16,000.00 

6,804.48 
76.97 



90,680.49 



1891. 
Jnne 80 



amoont expended to date. 



42.183.90 
18,616.53 



90,«B9.42 



SURVEYS, aAUOES, AND OBSERVATIONS. 



1890. 
Nov. 25 



Deo. 31 



To amonnt allotted by Mis- 
sissippi River Commis- 
sion 

To amoonte transferred, aa 
follows: 
Surveys and examina- 
tions First district . . 
Surveys and examina- 
tions Second district 

Ganges, First district 

Gauges, Second diAtrict. . . . 
Surveys, first and second 

districts 

Surveys, St Francis Front 



$15,000.00 



1,208.48 

1,119.80 

668.50 

12.50 

524.16 
60.60 



18,479.03 



1891. 
June 30 



By amoant expended to 

^ate 

Liabilities 



$5,314.94 

456.00 

12. 709. 09 



IS, 479. 03 



LEVEES, UFKER MISSISSIPPI RIYER LEVEE DISTRICT. 



1890. 
Nov. 25 


To amount allotted by Mis- 
sissippi River Commis- 


$90,000.00 
610.08 


1891. 
Jnne 30 


By amount expended to 
date 


$66,543.93 




By liabilities 


34,908.14 


Deo. 31 


To amonnt transferred from 
First levee district, Mis- 
sissinni 












90,610.08 


90,610.08 



LEVEES, SECOND DISTRICT, YAZOO FRONT. 



1891. 
Mar. 19 



To amount allotted by Mis- 
sissippi River Commis- 
sion 



$15,250.00 
15,250.00 



1601. 
June 30 



By amonnt expended 

■date 7. 

By balance 



$1,606.18 
13,744.82 

15,260.00 
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LBYBES, WHITB RIVSB BABIK. 



1800. 
Nov. 25 



Deo. 31 



1B91. 
Mar. 19 



To amount allotted by "MUb- 
Hissippi River Commis- 
sion 

To amount transferred f^rom 
leveea, White Birer 
Front 

To amount allotted by His- 
aisaippi Biver Commis- 
fdon 



1180,000.00 
3,291.8B 

12,600.00 



196,79L88 



1891. 
June 30 



By amonnt expended to 

date 

By liabilities 

By balance 



$76,925.73 
26,366.15 
92,600,00 



]05,79L88 



ApprapriatUm for examinations, fwrveys, and oontingendes of rivers and harbors (act Sep- 
tember 19, 1890). 

PBELIMINABT EXAMINATIONS. 



1890. 
Sept 20 



To amount allotted by Cbief 
of Engineers 



$100.00 



100.00 



1891. 
June 30 



By amountexpended todate. 
By balance 



$66.00 
34.00 



100.00 



Appendix E. 

rkport op captain c. mcd. townbknd, corps op engineers, upon operations 

in the third district. 

United States Engineer Office, 

Memphis, Tenn,, June SO, 1891. 

General: I have the honor to sabmit the following report of operations in the 
third district, improTing the Mississippi River, for the fiscal year ending June 30, 
1891. 

Per Special Orders, No. 141, Headquarters of the Army. Adjutant-GeneraVs Office, 
Washington, D. C, June 17, 1890, I relieved Capt. Willard Toung, Corps of En- 
gineers, of the charge of the district. 

Capt. S. W. Roesder, Corps of Engineers, was temporarily in charge from August 
28, 1»90, to March 9, 1891, per Special Orders 55, Corps of Engineers, Washin^on, 
D. C, August 28, 1890. 

The third district extends from the mouth of the White River to Warrenton, 
Miss., a distance of 220 miles. In its improvement work has heen undertaken at 
Lake Providence Reach, Vicksburg Harbor, Delta Point, Greenville, Ashbrook Neck, 
and Lake Bolivar I'Yont. Levees have been constructed and enlarged in the Lower 
Mississippi levee district, Tensas Front, Arkansas, and Louisiana. 

During the last fiscal year operations have been confined to Vicksburg Harbor, 
, Ashbrook Neck, the construction and high-water protection of levees, care and re- 
pair of plant, and surveying and gauging the river. 

LAKE providence REACH. 



This reach extends from Carolina Landing, Miss., 517 miles from Cairo, to the foot 
of Island 95, a distance of 35 miles. Before the improvement was undertaken, a 
depth of but 4^ feet, at low water, was reported on some of the crossings. (Report 
of Mississippi River Commission, 1883, page 408.) 

The works of improvement have consisted in building permeable dikes for closing 
chutes, and contracting wide portions of the river, and revetment of banks, to pre- 
vent caving. Dikes have been constructed at Duncansby Crossing, Cottonwood, 
MayersviUe. Elton, Baleshed, and Stack Island, and are fuUy described in previous 
reports of the Commission. 

The immediate effect of these dikes was very beneficial. A deposit of from 6 to 18 
feet was made behind them the first season, chutes were closed, and the river at low 



ri<J28 RKPORT or THK C HIEF OF KNOlNERHS, TJ. R. ARMY. 

Tvater contracted. The least depth that haa been ^recorded on rroMinifs fn T^»kA 
Providence Reach since their conntruction has been 7 feet. 

The ext<3UKive caving of the bankB^ however, which haa extended from Louittiana 
Bend down through this reach, has successively flanked and destroyed these dikes, 
until the Baleshed and Stack Island systems alone remain, and the river now threat^^ns 
to destroy the upper portion of the Baleshed. 

Revetment, or bank protection, has been undertaken at MayersviUe Island and at 
liouisiana Bend. MayersviUe Island was flanked and washed away; the revetment 
disappeared with the island. The first revetment placed in Lioaisiana Bend emffered 
tiie same fate, but that constructed there in 1889, 6;0!24 feet in length, has snccees- 
fully withstood the action of two freshets. 

A summary of the condition of this reach is given in the accompanying report of 
United States Surveyor William P. Richards. 

'Hie revetment of Louisiana Bend will be extended during present low-water 
season, as far as the available plant will admit. 

Att<uition is invited to the increased caving that is taking place above Lake Provi> 
donee, La., which, unless checked, will eventually extend to the town, and by break- 
ing into the lake necessitate a very extensive and costly change in the pointion of 
levees in that locality. 

l^'rom the records of the board of State engineers of Loaisiana, furnished through 
the courtesy of Assistant State Engineer, H. B. Thompson, of Louisiana, I finil that 
caving from 1866 to 1882 in this locality was at the rate of about 100 feet per year. 
from 1882 to 1890, at the rate of about 262 feet per year, and from 1890 to 1891, from 
000 to 800 feet. The destruction of the Baleshed system of dikes may be expected 
to accelerate the caving in front of the town. 

VICKSBURO HABBOR AKD DELTA POINT. - 

The holding of Delta Point has been an essential part of aU projects for improving 
Vicksburg Harbor. The revetment of its caving banks was commenced in 1878, and 
continued until 1884, 10,700 linear feet being thus protected. Since that date aome re- 
])airs have been made, but none have been required during the last two years. The 
bank is caving ext-onsively above the portion protected, and it will be necessary nlti- 
mately to extend the revetment farther up the river to prevent the flanking and de- 
struction of the work already constructed. This work should, however, be deferred 
until the caving has assumed a more uniform surface. 

The project for the improvement of Vicksburg Harbor, under which work is being 
carried on, was approved by tbe Secretary of War in 1887, and is as foUows: 

To prevent the water flowiuginto Centennial Lake and make a stall-water basin in 
front of the city : then to dredge a navigable basin in this basin, and a canal con- 
necting it with the river. To carry out this project it was proposed to build a dam 
across the lake from the city to De Soto Island, and a dike from near the river end 
of the island to the canal, thence parallel to the canal to the river. The basin was 
to be 1,700 feet long and 300 feet wide ; the canal 75 feet wide at the bottom, with a 
slope of 1 on 3 on the land side, and 1 on 5 on the water side. 

The material dredged has been deposited along this dike and dam, with the inten- 
t ion of ultimately surrounding the basin with a dam of earth. 

To the beginning of the p^€^8ent ye^^r there had been excavated in the canal and 
basin 581,6(]& cubic yards under this project. 

Dredging was then in progress, and in August, when work was suspended on ac- 
count of the low stage of the river, the canal had been excavated to the plane 4-8 
feet on the Vicksburg gauge, but the side slopes were left nearly vertical an«l 
commenced sliding into the canal, so that a navigable depth to the -|-^foot plane 
was not attained. 

Bids were opened for dredging Vicksburg Harbor January 11, 1891. 

The foUowiug were received: 




B.L. WwKlJr 

Alabama Dredging and Jetty (Nmipany 



* Contrnct was mad© for U.fi oonts for short hanl. 



The contniet was awarded to the Alabama Dredging and Jetty Company, the 
lowest bidders, for 11.9 cents short haul and 13.9 cents long haul. Work was 
begun under this eoiitraot March 4, 1891, and by June 1, 1891, 164,000 cubic yartbi 
had been excavated. 
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The foUovmg extracts from tlio report of Asfustant Eucineer H. St. li. Coppdv^ who 
has been in local charge of the dredging, gives a detailed account of the work dout*. 
It should be noted that the estimate of material to be dredged, Hubmitted by him, 
are computed for a width of canal of 100 feet, while the project rallH for a canal of a 
bottom width of 75 feet. For a 75-foot canal the estimate would bo to —5-foot 
plane, 1,064,598 ou^io yards in place; to — 10-foot plane, 1,552,488 cubic yards in 
place. 

EXTRACT FROM REPORT OF ASSISTANT ENGINEER H. ST. L. COPPJ&E. 

At the time the last annual report was submitted three dredges were in operation 
in the harbor, two being contractor's dredges, and one the Government dredge 
Menge. 

The contract work was being done by the Alabama Dredging and Jetty Company. 
The price paid 10 and 12 cents per cubic yard, measured in scows : the latter prico 
being for long haul ^around De Soto Island to north side of dike, 'fhe amount avail- 
able for the contra'ct dredging at the commencement of that season's work was 
.*f50,000— $29,000 of the full allotment (of $79,000) being retaine<l for changing, repair- 
ing, and operating the Government dredge Menge and outfit. The horizontal ])laue 
to which the dredging was being carriecl was -f8 feet on the gauge. 'I'be base of pn>- 
posed excavation being 100 feet wide, slopes on bar side 5 to 1, and un c-ity sitlo, 3 
tol. 

Up to May 1, 1890, the two contractor dredges had moved material from canal us 
follows : 





Long haul. 

Cuhif yard*. 
47,002 
63.g90 


Short haul. 


Total. 


Dredffe Herndoa 


Cubic yards. 
14, 762 
83,032 


Cubic yard: 

61,764 


DrvKlire ShoUv 


146, 922 






Total 


no, 892 


1)7, 7M 


208,686 







By a glance at the accompanying hydrograph ft>r 1890 (omitted), it will be seen 
that during the time the dredges were at work, up to May 1, tiie water had been at 
a high stage, nnd did not fall to an easy dredging )>lane until the middle of June, 
but from the latter date it fell very rapidly. Both the dredges used by the contrac- 
tor were elam-sliell diggers, of 4-yard-bueket capacity. The HhelUj was worked day 
and night, and the i/ernd(W» only during daylight. A detailed description of these 
dredges is given in former reports. 

In 1888 an appropriation was made for the improvement of the harbor, of $150,000 ; of 
this $15,000 w^as reserved for repairs to Delta Point, Louisiana. Captain Young, seeing 
the importance of continuing the dredging as long as possible and retuining the con- 
tractor's plant till another appropriation was made, requested of General Comstock, 
president of the Mis($issippi Kiver Commission authority to use this reserve fund 
($15,000) in dredging, but the General refused to comply with his request. 

June 23, when I hatl arranged the work between the two dredges so as to facilitate 
finishing to the required plane (-f 8) before the water fell sufficiently to stop it, tlie 
Shelly was ordered away by the contractor; she was towed out of the harbor June 
25, leaving the work in a very unsatisfactory condition. 

My plans had to be clianged and the Herndou placed in such a manner as to insure, 
if possible, a channel (of snttirient width to allow boats to pass) to the required depth 
before the water receded sufficiently to stop the work for tliat season. 

No slopes were cut, but the drodgt* worked in the main channel cutting to -f8 feet 
on the gauge, leaving vertical sides, there being no time for slope cutting. 

June 25, the contractor ask<>d for an extension of his contrjict, which was granted 
by the Chief of Engineers. 

July 26, the river having reached the 16-foot stage with a coustiint downward ten- 
(l,ency, the Herndou was withdrawn from the canal. The cutting at the moutli 
of the canal ha<i proven a very slow and difficult job because of the great amount of 
sand that constituted the material dredged. * 

Owing to the withdrawal of the Shelly ami the rapid de«^line of th**. river, some 
lumps were left in the eanal that we conteraplate<l removing. 

At all stages aliovi' 11 teet on the gauge the smallcHt boats were able to use \\n\ 
<-anal, so that up to the end of 18(N) there were but "2^ niuuths that these boats were 
kept from the harbor. 
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The material moved by these contract dredges during the season's work, ending Jolx 
26, 1890, was as follows : 



.February . 
March.... 

AprU 

May 

June 

July 



Total. 



Horndon. 



LonghauL Short h«u]. 



(hUficyardg. 



47.002 
43,841 
6,999 



Cuhieyards. 



14,762 
18,988 
42,526 
29,171 



07.842 



105.447 



SheUy. 



LunghaoL Short haoL 



Oubicyards. 
6,000 
34,223 
23,058 
31,650 
44,564 



U0,U3 



8,385 
8&.79S 
34,875 
46.587 
1S,7«> 



143,ff79 



Totallonghaul 207.965 jazds, at 12 cents.. «a4, 954.89 

Total abort haul 248, 826 yards, at 10 oenta.. 24,882.09 



Total 456,781 



49,837.39 



The canal, when the contract was finished, was cut to about the -(-8-foot plane. 
It was less than 100 feet wide at bottom in places and with much steeper slopes than 
5 and 3 to 1. Consequently, during the lower stages of water, there was some slid- 
inff at the sides, which would not occur were the slopes cut to the proposed angles. 

At the time of the making of the last annual report the Menge di^dge was tempo- 
rarily stopped for repairs and additions, patent roller track, steam capstan, etc., that 
were recorded in that report. Up to the time of making tnese (dianges and repairs, 
the work of the dredge had been very unsatisfactory, only making an average of 190 
cubic yards per day. After the changes, the average yardage was increased to 350 
per day, her best work being 740 yards in 10 hours. 

The approximate cost of running the dredge was $65 per day, making the cost per 
yard, 18 cent«. The stage of water during the most of the time this dredge was in 
operation was very unfavorable for working her. The output would have been con- 
siderably greater in lower water. This dredge was worked up to June 1, in tiie canal, 
and then had to be moved to the basin, where the material was so hard on the slope 
that 8hc broke her cutter wheel, and was laid up permanently after operating until 
June 6. The material moved by this dredge during the season was as follows: 

Cubic yarda* 

March 792 

April 722 

May 6,195 

June 1,083 

Total 8,793 

The total material moved during the season fnun the canal was : 

Yards hi aoowa. 

By Menge dredge 8,792 

By contract dredges 456, 781 

Total 465,573 

The first cost of the Menge and outfit was $20, 237. 65 

The season's work, repairs and additions 13, 119. 73 

Total 33,357.38 

At the close of the dredging season the canal was thoroughly cross sectioned, and 
the following entimate of material dredged (measured in place) submitted. 

'lliis estimate also gives a comparison of material moved in scows and in place, 
and th&material to be moved at that time in order to finish the project, or to the 
planes from -f 6 down to 10 feet below zero. 

If the river should reach its lowest recorded stage of 4 feet below zero, the chan- 
nel depth would be (if the dredging was carried to the —10-foot plane) -|-6 feet, 
sufficient for all boats in this trade at that season of the year. 
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Material dredged in 1890. 
[SxcayatUn iii canal by oontraoton and GoTemment.] 
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Bange 



Mean 
area. 



Dis- 
trict. 



Cabio feet 



Cobio 
yards. 



0. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24 . 
25. 
26. 
27. 
28. 
20. 
80. 
31. 
32. 
33. 
84. 
85. 
D . 



39. 

40 . 

41 . 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 



794.1 
1,960.4 I 
1,837.7 
1.794.5 
1,761.5 
1,896.3 
1,713.5 
1,819.0 
1,796.0 
1,821.8 
1,826.0 
2,018.0 
1,983.5 
2,085.0 
1,810.4 
1,790.0 
1,878.5 
1,947.4 
2,080.0 
1,997.5 
2,226.7 
1,900.0 
2,05a2 
2,088.7 
2,150.6 
2,096.0 
2,354.0 
2, 273. 
2,051.3 
1,926.7 
1,980.4 
1.921.0 
1,791.6 
1,975.2 
1.884.0 
1,760.0 
1,823.0 
1,639.0 
1,737.0 
l,75a7 
1,732.7 
1,525.6 
1,687.8 
1,668.8 
l,63a5 
1,702.5 
1,979.6 
1,903.0 
2,127.5 
2,176.0 
2,043.0 
1,844.8 
1,883.7 
2,097.0 
2,049.0 
1,960.8 
2,151.0 
1,503.5 
613.5 
253.5 
200.0 



Total. 



1,377.8 
1,899.1 
1, 816. 1 
1,778.0 
1,829.0 
1,805.0 
1,766.8 
1,807.5 
1,806.7 
1,823.7 
1,922.0 
2,000.8 
2,034.3 
1,947.7 
1,800.2 
1,834.3 
1,912.9 
1,988.7 
2,013.8 
2, 112. 1 
2,063.4 
1,979.1 
2,073.5 
2, 119. 6 
2, 123. 3 
2,225.0 
2,813.6 
2,112.1 
1,989.1 
1,968.6 
1.950.7 
1,856.8 
1,883.4 
1,929.6 
1,817.0 
1,786.6 
1,731.1 
1,688.2 
1,747.8 
1,745.6 
1,629.1 
1,606.7 
1,623.1 
1,648.4 
1,666.6 
1,881.0 
1,939.8 
2,016.2 
2,161.8 
2,109.6 
1,948.6 
1,864.0 
1,990.4 
2,078.0 
2,004.9 
2,066.4 
1,872.2 
1, 103. 6 
488.6 
226.8 



100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
70 
30 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 



137,730 
189,910 
181, 010 
177,800 
192,900 
180,500 
176,630 
180,750 
180,870 
182,870 
192,200 
200,080 
203,430 
104,770 
180,020 
183.480 
191,290 
198,870 
201,380 
211,210 
206,840 
197,910 
207<350 
211,960 
212,330 
222,500 
231,350 
211,210 
198,910 
195, 360 
103,070 
185,630 
188,340 
192,960 
181,700 
123,056 
51,033 
168,820 
174,780 
174,660 
162.910 
160,670 
162,310 
164,840 
166,660 
188,100 
198,980 
201,620 
215,180 
210,960 
194,360 
186,400 
199,040 
207,800 
200,490 
206,510 
187,220 
110,860 
48,850 
22,680 



5, 101. 3 
7,088.7 
6, 726. 3 
6,685.2 
7,144.4 
6,685.2 
6, 641. 9 
6,694.4 
6,696.9 
6,754.4 
7,118.6 
7,410.8 
7.634.4 
7,218.7 
6,667.4 
6,793.7 
7,084.8 
7,365.6 
7,458.5 
7,822.6 
7,642.2 
7,330.0 
7,679.6 
7,850.3 
7.864.1 
8,240.7 
8,569.6 
7,822.5 
7,367.0 
7,235.6 
7,224.8 
6,875.1 
6, 975. 6 
7,146.7 
6,729.6 
4, 557. 5 
1,923.4 
6,252.5 
6,473.8 
6,465.2 
6,033.7 
5,950.7 

'6,011.4 
5,734.8 
6,168.6 
6.966.6 
7,184.4 
7,463.6 
7,967.8 

• 7,814.1 
7,198,5 
6,903.7 
7,37L8 
7,677.8 
7,425.6 
7,612.5 
6,934.0 
4,087.0 
1,605.6 
840.0 



10,848,530 



401,610.7 



Cnbio yards. 

Material moved from canal 401,610.7 

Ditoh cot by Jfen^ dredge in basin 966.0 

Total 402,576.7 

The material moved as excavated and measured lu scowa equal 465,573 cubic yarda, 
which shows ftn expansion of between 15 and 16 per cent. 
The following is the amoiml of material measured in place, as estimated after the 
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(Iredgiug seasoa of 1890, that it wotild b€« ueoessary to move in order to cut the canal 
aud basin to the 4- 6, + 5, + 4, -f- 3, + 2, + 1, 0, ~ 5, and — 10 foot planes: 

» Cabie yardi. 

-l-H-foot plane canal and basin 257, 967 

-f5-foot plane canal andbaBiu , — 329.992 

-1-4-foot plane canal and basin — 404, 441 

-fS-foot plane canal and basin — 4iJl, 39!* 

-f 2-foot plane canal and. basin — 5G0,781 

4-1-foot plane canal and basin ... /. — 642,615 

0-foot plane canal and basin — 729,280 

—5-foot plane canal and basin — 1,199,023 

—10-foot plane canal and basin — 1,715,415 

In order to obtain the plane to which it is possible to cnt the canal and basin when 
the measurement is in scows, it is necessary to add 16 per cent, for expansion of ma- 
terial, before multiply ins by contractor's price. 

During the year 1890, the small boats were able to use the river harbor at all stages 
above 15 feet on the gauge, or all the year with the exception of 90 days, or say, 3 
montlv«. 

Tlie larger bouts, Anchor Line, et<'., owing to the nresence of the lamps at npwr 
end of (^unal, did not use it excf'pt at higher stages, fhe washing and sUding on of 
slopes in the cnual, heretofore uieutioued, was entirely due to the fact that the sides 
were cut so nearly perpendicular. The material slid from the sides, causing* some 
little fall in the middle of the canal. 

The floating property on hand when the work of 1890 was in operation was a^ 
follows : 

Contractors plant: 1 dredge, Shelly; 1 dredge, Herndon; 4 large scows (about 475 
yards each), 2 tugs, and 4 small boats. 

Government plant : 1 dredge, .VeiMjfc; 1 tug, Parker; 2 scows (about 200 yards each j, 
1 quarter boat, 1 barge, 1 pile driver, 2 calking flats, 4 skiffs, and 1 yawl. 

As before stated, June 2o the dredge Shelly, with tug and 2 scows, left the harbor, 
and the remainder of the contractors' propertv followed July 28. The pOe driTer and 
barge were sent to Greenville during the high water. 

August 4 the Ui^ Parket-y with the two dump scows, were sent to Memphis to be 
used in dredging in that harbor. In the mean time the dredge Menge and outfit wa^s 
laid up ami being eared for by wat-i'hmon employed for that purpose. 

December 8 the remaining jiroperty , the dredge Menge and ontnt, was turned over 
to Captain Kingman to be used at the mouth of Red River, Louisiana, where the 
couditions are much more favorable for working that kind of dredge. 

lOarly in August, 1890, iu accordance with iustructions from yon, I made a recou- 
noissance of the harbor and Delta Point, and the Mississippi River in the vicinitv. 
with the assistance of an instrument-man and three laborers. I established four of 
the original triangulation stations, ran a meander line along Delta Point to a poiut 
directly opposite the mouth of the Yazoo River; jUso from a point on the Mississippi 
side of Kings Bar to the Refuge Oil Mill, connecting the latter line with the survey 
of the canal. In addition, soundings were made to show subaqueous slopes along 
these lines, and iu order to detine the low-water contours as nearly as possible. 

August 15 a report and map were sent to your oflice, the result orthe survey. Tbe 
lines established are shown on tbe accompanying plate No. 12 (omitted) and tbe 
following extract is made from that report : 

*^A study of the map will show that no radical change has taken place in the river 
in this vicinity in the last 4 years. The change seems rather to have been gradual 
and in the same direction since 1882. The bar above Delta Point caved at the upiKT 
end 110 feet, aiiproxiniately, back from the line of 1886, midway of tihe bar or opposite 
triangulation station (A). 

The change was 200 leet at the lower end. Off point of old levee it increased to 
a50 feet. 

8ix hundred feet below this point, or where the bar originally and still ends, there 
exists a buckshot point, which has resisted the action of a very swift current for 
the last 6 years; from this buckshot point t« just above the Delta wharf boat the 
subaqueous bank was iu 1878 and 1879 covered with small 50 by 150 feet mattresses 
that have been swept away by the action of this current. As shown by the lines on 
the map from the point of'tliis bar to the luMid of the revetted bank, the sloughing 
or caving is v«'ry extensive and destructive. The line of the top of the sliding bank 
in some phici's being as i'ar at< 2ri() feet back of the water, the bucksln^t point at the 
head of tlli^< rearh is lueaking up iu vertical cleavage and sinking away from 
t lie main hank. A bad cave at the lower end against the head of the revetment 
ihiralens the n1 ability of that wOrk. On the Mississippi side, above the A. and V. 
incline, both the 15 foot and planes of the present bank have moved out or built 
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up considerably slncd 1886, except in one small reach where the line of 1886 is 4*50 
feet outside. 

From West Pass up the river for a distance of over a mile the -f 13-foot line of the 
year 1S90 has moved out 400 feet from the line of 1886. From West Pass south, or 
down the river to the A. and V. incline, the change has been from 200 to 400 feet. 

Below the incline to where the rock has been exposed, checking the erosion, tlie 
bank has caved on an average of 100 feet. 

On the Louisiana side below the V. S. and P. incline the low- water line, as hIiowu 
on map, is an approximation, no meander having been made or sounding taken to 
define it accurately. ^ 

The information derived from this reconnoissance points to the fact, as before 
mentioned, that no radical change had taken place in the regimen of the river here, 
but that there has been simply a continuation of the action that has existed In this 
vicinity for the last 6 or 8 years, to wit: The wearing away of the bank and bar 
above Delta Point towards its original position before me bar was made, the result- 
ing breaking up of the exposed points below, bringing the bend to a more uniform 
and concave condition, but also threatening the destruction of railroad property at 
Delta Point and the flanking of the revetted bank now intact (1890); on the Mis- 
sissippi side, the continued l)uilding of the bar from the West Pass up the river, 
and the caving of the bank south to where the exposed bluff rock has checked the 
force of the current. 

The crest of the bar from the new canal northwest is very high, no water but that 
nearly approaching a flood giving sufficient depth for passage of boats. The condi- 
tions existing just at the mouth of the canal are very favorablelfor a continuation of 
that work, the bank being very abrtipt and the approach to deep water very sudden. 

At this point there is no indication of bar formation in the last 3 years, as 
shown by our profiles of canal cross sections^ 

West Pass retains approximately the same position it has occupied since it was 
formed bv the natural action •f the water draming from Centennial Lake. 

No work of any kind was done in the harbor after the first part of November last, 
when I was put in charge of the levees in the Lower Mississippi levee district, 
until February 10, when we commenced to renew base lines and signals for 
locating dredges and have canal cross sectioned to obtain change since last survey 
on which to base present estimates. 

Seventy-five thousand dollars was made available for the season's work, and on 
the 12th day of January, 1891, the contract was awarded to the Alabama Dredging 
and Jetty Company at 11.9 cents per cubic yard in scows for short haul and 13. U 
cents for the long haul. Some slight modifications^were made in the specifications 
for last year's work ; the contractors to commence on or before ten days' notice ex- 
pire, and complete it by December 31, 1891, and to excavate at least 4,000 cubic 
yards per day. 

Owing to the fact that the woodwork of the dam across the lake was burned out 
in part during the autumn of 1890 there will be no long haul, it being possible for 
the tuf^ and scow to pass through burned part of dike and dump along dam as here- 
tofore m accordance with project. 

The fire that destroyed a part of the dike occurred Sunday, November 2, 1890, 
at about 12 o'clock in the day. The structure was set on tfre by young white men 
throwing a lighted match into the dry grass and rotten timber at base of dike. It 
burned from a point 800 feet east of De Soto Island to the Island. 

I had the guilty parties arrested, and, the United States district attorney being 
absent, had them tried before a justice .of the peace (and United States commis- 
sioner). The sympathy of the judge and some of the witnesses was with the ac- 
cused, and the trial proved a farce, the prisoners being acquitted in spite of clear 
evidence of their guilt. 

During February, 1891, the canal was cross sectioned for the purpose of finding 
the fill or change and the true sections on which to base the estimate for the pre- 
sent season's work. 

The fills were found to be as shown in the following table, the volumes being 
obtained by the method of average end areas. 

BNG 91 228 
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M$timate of material to be moved during 1891 in Vickuburg Harbor, canal and Utsiik 
cut to -{-Sfeet on the gauge. 



Ba«e of canal 1 00 feet. 

Slope bar side 5tol 

Slope land Bide 3tol. 



BaaeoflHMiii 300 foot. 

Slope bar aide :. .5 to 1. 

Slope land side 3 tol. 



Station. 


+Area. 


—Area. 


Net 
area. 


Distance. 


Cubic 
feet. 


CnWr 


28 


195 
280 
450 
257 
418 
520 
.530 
575 
581 
563 
540 
532 
535 
450 
330 
228 
240 
315 
460 
640 


oelt 


98 
111 
148 
68 
52 
47 
4 

22 

46 

36 

5 

37 

45 

155 

40 

140 

20 

115 

200 

45 




• 
97 
169 
902 
189 
306 
473 
526 
558 
535 
527 
535 
496 
490 
295 
290 
88 
220 
200 
200 
595 



Fett. 






39 


1,000 
100 
100 
100 
100 
100 
100 
100 
100 
lOO 
100 
100 
100 
100 
100 
100 
100 
200 
100 
100 
100 


48.500 
13,300 




40 




41 


23.550 ' 


42 


S: 550 ':::.:: 


43 


27,750 1 


44 


41,950 ! 


45 

46 

11:::;;:;;;:::::;::;:;:;:::::::::::::::::::; 

49 

50 


49,960 
53.950 
54,400 
53,100 
54,400 
51,500 




51 


49.250 


52 


39,250 1 


53 « ■ 


29,250 


54 


18,900 


55 


15,400 


56 


21,000 ] 


57 


23,000 


58 


42,750 1 


69 


29;750' -. 








Total 


705,450 


■*2?A¥- 


Total extra yardagv in situ, due to dep< 


»,:»} 















Total extra yardage in scows due to doposit. 28,350+16 per cent. = $2,886. 

The estimated yardage to be moved from last fall's sonn dings in 8ita=:481,3!9 
cnbic yards +16 per cent. =658,423 in scows. This with 32,886 added .^591,309 cubic 
yards measured in scows. 

The next table shows the deposH in canal and basin since 1890, and amount to he 
dredged to the different norizontal planes, slopes, and base as heretofore. The 
partial volumes are added algebraically to the volume at the +3-foot plane to obtain 
the deposits to the diiferent planes. Minus signs denote that t)ie bed has been cut 
away and the plus denote deposit. 
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Tlie totals to be dredged, in aocordanoe with the BoundingB made in 1891, are as 
follows: 



I 



Horicootal plane. 



In sits. 



la noows. 



+ 3foot piano 
+ 2-foot plane 
4- 1-foot piano 
+ 0-foot plane 
— 5foot plane 
—10-foot plane 



<M.ftard». 
Sa»,747 

670.206 

757,038 

1,228,216 

1,742,005 



C» 



.pards. 
581. »s9 



87a 155 
1, 422. 41« 
2» 020,725 



The fill due to deposit during the year has been, estimating to the —10-foot plane, 26,503 ynrds. 

The $75,000 allotted for the present season's work I have divided in my estimate 
as follows : 

To cut the canal and basin to the 3-foot plan'e it will be necessary to move 591^309 
cubic yards of material uieasured in scows, at 11.9 cents per cubic yard (it all bein^ 
short haul), we have : 

To cut to + 3-foot plane $70,965.77 

Inspection and office expen8«^», 10 inoiithH, at $I50*. 4, 500. fiO 

Incidentals i 134.23 

Total 75,000.00 

The dredge Hemdon arrived here and commenced work March 4. Up to the 
16th she only worked one crew, but the amount of excavation being so fkr below the 
required average, a double watoh was placed on her. As heretofore, inspectors meas- 
ure the yardage on each scow and sound the cut, keeping accurate records of aU the 
operations and soundings. 

The material dredged is being placed along the old dam, closing lake near Speng- 
ler's Mill, and dump watchmen are employed day and night to regulate position of 
each dump, to insure if possible an even surface to earthen dam. 

The material moved to May 1 is as follows: 

Dredge Hemdon moved from, canaU 

Cubic var*liR 

March, 1891 4^.531' 

April, 1891 : sa.Wi 

Total, in scows 108^130 

All short haul, at 11.9 cents per yard. This has been paid for on monthly esti* 
mates, 10 per cent \w\\\fr retained. 

A table of the currents in the canal from the beginning of this season's work to 
date, the velocities being obtained by running submerged floats, is submitted as 
follows : 

TabU of velocities of current and its direction, taken near mouth of canal (Range 45) 
during months of March, April, and May, 189 1, 



Date. 


Gauge. 


Change. 


Veloci ty per second . 

1.1 73 running in.. 
1. ITJrunninc in.. 
Imperoeptible 




Mar. 2 


43.8 
44.0 
44.3 
44.6 
44.8 
45.3 

Sunday . 
46.6 
46.1 
46.4 
46.6 
46.9 
47.1 

Sunday . 
47. i 


+0.3 
+ .2 
+ .3 
4- .6 
+ .2 
+ .5 




3 




4 


\ Water muddy. 


5 


6 


....do 




7 


Slightly out 




8 


\ Water clearing. 


9 


+ .7 
+ .1 


....do 


10 


1, 100 running out. 
0. 880 rnuning out. 
1. 320 running out. 
1.467 running out. 
1.630 running out. 




11 




12 




13 




14 




15 


> Water eUar* 


1« 


+ .» 




' 
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Table of velocities of cmreni^and its direction, etc. — Contiuucd. 



Date. 


Gauge. 


Change. 


Velocity per second . 




Mar. 17 


47.5 
47.6 
47.7 
47.7 
47.8 

Sunday . 
47.7 
47.7 
47.75 
47.8 
47.8 
47.8 

Sunday . 
47. & 
48.0 
48.0 
48.1 
48.1 
48.1 
48.0 
48.0 
48.0 
48.0 
47.95 
47.9 
47.9 
47.9 
47.8 
47.75 
47.7 
47.65 
.47.6 
47.5 
47.45 
47.4 
47.4 
47.4 
47.45 
47.45 
47.4 
47.4 
47.45 
47.45 
47.0 
47.35 
47.3 
47.25 
47.15 
47.0 
46.83 
46.55 
46.2 
45.8 
45.4 
44.8 
44.2 
43.6 
42.8 
42.0 
41.0 
.-{9.8 
38.4 
37.0 
3.'>.5 
33.5 
31.8 
30. G 
29.0 
27.3 
25.6 
24.1 
22.5 
21.7 
20.5 
19.5 
18.8 


.0 

+ .1 


1.407 running out. 
1. 639 running out. 
1. 467 running out. 
2. 200 running out. 
2. 514 running out. 


Water clear. 


18 


19 


20 


21 


22 




23 


- .1 

.0 
+ .05 

.0 


L833runningout.. 
1.056 running out.. 
1.173rnnningout.. 
2. 000 mnning out.. 
2. 000 running out.. 
2. 200 running out. . 




24 




25 


The variations iu velnri* 


26 


ties are in groat part 
due to ditiV'ivnofi in 


27 


28 




29 


wiuU 


30 


+ .05 

+ .1 
.0 
.0 

- .1 

.0 
.0 
.0 

- .05 

- .05 
.0 
.0 

- .1 

- .05 

- .06 

- .06 

- .06 

- .1 

- .05 

- .06 
.0 
.0 

- .5 
.0 

+ .05 
.0 

- .05 

- .05 


No observation . . . 
2. 493 running out. 
No observation . . . 
1.724 running out. 
2. 286 running ont. 
2. 500 running oat. 
Sunday 




81 


■^ 


Adp 1 




^ 2::::::::::::::::::::::::::::: 




3 




4 




6 




6 


1.622 running out. 
1. 622 mnning out. 
2. 143 running oat. 
1. 668 running out. 
2. 055 mnning out. 
2. 174 mnning out. 

Sunday...... 

2. 027 mnning out. 
1. 685 mnning out. 
1.818 mnning out.. 
2.083 running out.. 
2.324 running out.. 

Sunday 




7 




8 




9 




10 




11 




12 




13 ♦. 




14 




15 


Water clear. 


16 




17 


Current in great part 
f dne to overliow water 


18 


19 


20 


1.905 mnning out.. 
1.807 running out. 
1.923 mnning out. 
2.112 running out. 
2.041 mnning out. 
2.112 mnning out. 
Sunday 




21 


22 


23 




24 




25 




26 




27 


2.666 mnning out. 
2.666 mnning ont. 
2.143 running out. 
1.852 mnning oat. 

Current out 

2.041 running oat. 




28 




29 




30 




May 1 




^ 2:::::;:::::::::::..:::::::::: 






3 




4 




2.225 mnning ont. 
2.091 mnning oat. 

Current out 

1.579 mnning ont. 
1. 177 running out. 
0.870 running out. 

Current out 

0. 100 running ont. 
0.741 rnnningont. 

Import'eptible 

0. 300 running in . . 
1.000 running in .. 
0.667 running in .. 
Slifflitlyout 




5 






6 






7 




' Water In eannl eleiiT 


8 






9 . . 






10 






11 






12 






13 






14 ... . 






15 




5 Slight current partly 
( due to wind. 


16 




17 






18 






19 




do ... 




20 




0.417 




21 




0.400 




22 




Imperceptible 




2:j 






24 




An 


^V^ater in canal filcnr 


25 


.............._..... ........| 




26 




Very slightly out. 




27 






28 




do 




29 




do 




30 




...do 




31 




....do 








1 
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I will state here in connection with the ha;rbor work that I am indebt-ed to Mr. L. 
C J. Baily; jr., assiutaut engineer, for valuaote services rendered in making calculi 
tionS; drafting, and other duties performed. 

ORRENVILLK, MISSISSIPPI. 

The object of the work undertaken at Greenville has been to prevent the rity 
front from caving into the river. In 1887-88 t«n submerged spur dikes were cun- 
Btructed in front of the town at a distance apart of 500 feet. In 1889 two spur dikes 
were constructed above these, as shown on accompanying map. These dikes tem- 
porarily stopped the caving along the city front, but the destruction continued iii 
Ha^^helor Bend, above the town, the river eating into the bank until tlie part pn^ 
tec ted formed a salient projecting into the river. During the last fteshet the riyer 
cut across this salient, destroying the two spurs constructed in 1889^ and flankisf 
the upper two of the series of 18^ and 1888. 

The following extract from the report of Assistant Engineer Arthur Hider gives 
the condition of the work on June 1, 1891 : 

EXTRACT FROM REPORT OF ASSISTANT ENGINEER ARTHUR HIDKR. 

The caving in the bend above and in front of the upper part of the town of 
Greenville has been almost unprecedented during the late nigh water. 

First, the upper dike was washed away and a few weeks afterwards the second 
dike was destroyed by the caving back of the bank in its rear. With these imped- 
iments removed the bend, which during the last 3 years had assumed an abnormal 
shape above, rapidly began to regain its natural form. This was not accompZished 
until the bank in front of where Dikes No. 1 and 2 stood had caved back from 800 to 
900 feet, carrying with it the main levee and two protection levees, which were 
afterwards built in the rear, this caving extending downstream, cutting' behind 
dikes 4i and 5^. 

At Dike 1 the caving was 820 feet; at Dike 2 the caving was 900 feet; at Dike i\ 
the caving was 350 feet; at Dike oi the caving was 250 feet. 

Above Dike No. 1 the caving gradually decreased in depth, but extended up into 
the bend a distance of about 3 miles. 

The conditions here are such as to demand an early and active resumption of 
work. The funds now available are sufficient to complete about 6,500 linear feet of 
work similar to that done at Ashbrook Neck the past season. 

This is probably all the work that can be done the present season. 

To be^m work at Dike 5^ and extend the improvement up in the bend as far as the 
funds will allow will take the revetment to Range 13 and still leave the api>er part 
of the bend unprotected. 

To place the work where, from the configuration of the shore line and the general 
direction of the current would indicate the point of most violent attack, the next 
high water would leave from 6,500 to 7,000 feet between the lower end of the pro- 
posed new work and Dike 5i unprotected, with danger of serious caving alon^ the 
unprotected bank. Under all the circumstances and the interests involved it will be 
advisable, perhaps, to begin at Dike 5^ and continue up to Range 13 rather than mk 
the danger of an attack both at, above, and below the propos^ work. 

Outside of the property interests involved in the recent disastrous caving it is 
thought that the shape of the bend above is in better shape for permanent improre- 
ment than heretofore. 

The recent survey of this locality is shown on Plate 2. 

Work will be resumed at this locality as soon as the river has fallen sufficientljto 
enable revetment to be constructed. 

The project for this work, previously submitted and approved, will require to be 
materially modified to meet the changes caused by the last freshet. 

LAKE BOLIVAR FRONT. 

The object of this improvement was to stop the caving of the bank in front of tbe 
large levee across the end of Lake Bolivar, which was threatened by the rapid en- 
croachment of the river. 

Four thousand four hundred feet of revetment was constructed in 1888-^^, as de- 
scribed in the report of the Chief of Engineers for 1889, page 2,704, along a portion of 
which the mats were but 180 feet wide. This section was strengt>hened in 188^ W. 

The present condition of the work is shown in the following extract from the report 
of Assistant Engineer Arthur Hider, with whose recommendation that no work be 
done at this locsdity during the present season I concur. 
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BXTRACT FROM REPORT OF ASSISTANT ENGIKEER ARTHUR HLDER. 

The >york done in protecting the bank in front of the important levee crofising 
Lake Boliver remains in good condition. 

Below the end of the revetment work the caving has contained for the distance 
of li miles to Back Ridge Landing, rendering necessary the constrnction of a new 
line of levees. 

The hydrographio survey jnst completed shows that little or no change has taken 
place in the river channel except that the set of the current, which was formerly 
directly towards Lake Bolivar Landing, threatening the levee crossing Lake Bdlivar, 
lias now moved farther down, rendering further apprehension for the future safety 
of this important levee needless. 

A continuation of the revetment work further downstream would be desirable, 
bnt on account of more pressing necessity for immediate work at Ashbroek Neck, 
Qreenville, and Louisiana Bend, which will tax the resources and capacity of the 
available plant to the utmost, no work is recommended at this particular locality 
the present season. 

ASHBROOK NECK. 

The object of this improvement is to prevent the river cutting through the neck, 
which at its narrowest point is only 2,300 feet wide, and thus forming a cut-off. An 
allotment of $300^000 was made for this work in 1890. The original project, ap- 
proved by the Mississippi River Commission, recommended the construction of a 
series of spur dikes on tne upper end of the neck similar to those constructed at 
Greenville. 

After work was begun under this proiect, and two spurs partially constructed, the 
commission visited the work and modified the project to that of a continuous Revet- 
ment. 

After this change work was resumed, the bank for a distance of 6,000 feet was 
cleared of timber, 3,200 feet of the bank was graded, and 2,820 feet revetted at a cost 
of $30.42 per lineal: foot. 

To checK the flow of water that passes over this neck and might precipitate a cut- i 
off, two slashings were made parallel to the axis of the neck, one 7,000 feet long, the 
other 6,400 feet, and extending from some heavy timber to an old levee, which crosses 
the neck about 1,000 feet below its narrowest part. The saplings and small brush 
were cut 6 feet from the ground-, and the stumps wattled so as to lorm hurdles, which 
have retarded the flow of water and caused a considerable deposit of sand. 

While these hurdles have answered the puTOOse for which they were constructed, 
for the present season, I consider them of too flimsy a character and too liable to de- 
struction and decay to be relied upon for any permanent protection during severe 
freshets. 

It is recommended that the^ be replaeM by a strong levee. 

Work will be resumed at this locality as soon as the river has fallen sufficiently to 
enable revetment to be constructed. 

The details of construction and the present condition of the work will be found fully 
explained in the accompanying report of Assistant Engineer Arthur Hider, who has 
been in local charge. 

EXTRACT FROM REPORT OF ASSISTANT ENGINEER AJRTHUR HIDER. 

The following report of operations at Georgetown Bend is respectftilly submitted. 
The original project for this improvement adopted by the Mississippi River Commis- 
sion to prevent the river cutting through Asnbrook Neck, which at its narrowest 
point is only 2,300 feet across, was the construction of a series of spur dikes on the 
upper side of the neck similar to those in front of Greenville. 

^ These spurs to be built of brush and stone, each dike resting on a foot mat 200 
feet in length and extending out into the river from 300 to 350 feet, the spurs where 
the caving was most active to be located not more than 500 feet apart ; on the re- 
maining portions of the bank, the distance between spurs to be increased at the dis- 
cretion of the officer in charge." 

A survey of the locality was made and a plan prepared, and submitted on October 
16, 1890, for the construction of seventeen spurs, protecting about 8,500 linear feet of 
the bend where the caving was most rapid and shielding the narrowest part of the 
neck. 

It was expected to finish ten of these before the annual rise set in, and the remain- 
der the next low- water season. 

To carry out this project a party was organized October 27, 1890, to load stone on 
barges for this work from the reserve at Arkansas City. Another party was organ- 
ized on November 1, part of the plant towed from Greenville, and work begun clear- 
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ing the bank of brash and trees, fi^etting the 1>oata in position preparatory to begin- 
ning mat building. On November 7, the hydraulic grader began \Tork, and on the 
8tby the building of foundation mat for dike No. 8 was commenced; bmsh was re- 
ceived from the contractors on the 10th. 

The foundation mat for Dike No. 8 was sunk in place, the construction of the crib 
begun, and the foundation mat for Dike No. 10 completed when the Commiasioai Ti»- 
ited the work on November 24, and modified the plan from that of detached spina to 
that of continuous revetment; ''the submerged mattresses to have a width below 
low water of from 250 to 300 f^t, according to locality; the bank above low water 
to be graded before placing of the submerged mattresses, and to be covered witii a 
layer of riprap about 10 inches thick to a height of about the two-thirds fall stege; 
two or more slashings not less than 30 feet wide, each to be made along the axis of 
the neck, the saplings to be cut off at a height of about 6 feet from the ground and 
the tops carefully wattled among the stumps. For this season's work &6 point as 
which the upstream spur was begun to be retained as the origin of the work; the 
work to be extended downstream a distance of 6,000 feet at the earliest practicable 
moment, and subsequently extended both upstream and downstream as necessity 
may require." 

In accordance with this modified project the revetment was made continooiiB by 
buUdinff mats 350 feet wide between the foundation mats for the dikes already con- 
structed. 

Clearing. — ^The bank for a distance of 6,000 feet from the upper end where work 
was begun was cleared of all brush, trees, and logs for a distance back of 230 feet ; snoh 
of the brush and poles as were suitable were utilized in the work as it progressed. 
The large timber where liable to cave in the river, form snags, and obstruct next 
season's work was cut down ; in all, about 31 Vb acres was clearod. 

Grading. — The bank at tlie upper end of the work is nearly ail sand, and contihned 
caving while the mattress work was in progress. 

Advantage was taken of the low stage in the early part of December to regrade 
the lower part of the slope which had oeen previously gradc»d at a higher stage of 
water. 

At some points the sand caved so rapidly while the hydraulic grader was at work 
that hand grading had to be resorted to to bring the upper bank to the proper slope, 
which varies from I on 3 to 1 on 5. A single jet was used, hose 4 inches diameter, 
nozzle If inches and 1| inches, pump pressui*e 160 pounds, steam pressure 80 ponndai. 

The light character of the soil, and the rapid current setting straight into the 
bank, caused a great deal of caving, and rendered necessary a large amount of re- 
grading, besides the building of two large shore mats to connect the mattress work 
with that of the upper bank. 

Grading began November 7, and was finished for the season January 5, 1891 : the 
grader was in service 50 days and graded 3,200 linear feet of bank, from 25 to 30 feet 
in height, an average of 64 linear feet for each working day. 

Spur-dike and mattress construction. — But one spur dike was put in, owing to the 
modification in the plan ; this consisted of a single crib of standard construction, 
except that the frame was made of gum-lumber posts 3 b^ 4 by 7 inches. Bottom 
and top frames 2 by 6 inches by 16 feet fastened at the Joints with i-inch carriage 
bolts. This crib was 210 by 32 by 7 feet, and located at the beginning of the work, 
and rested on a foundation mat 200 feet in length by 345 feet wide, tne foundatiou 
was built and sunk in place before the change was made to continuous revetment. 
Both of these foundation mats were utilized as parts of the continuous revetment, 
by filling up the space between them, with other mats 300 feet widel 

The work of building the wide 300-foot mats was continued until January 2, 1891, 
wlien it was deemed advisable to stop mattress construction and finish up complet-e 
the upper bank revetment, as the river was rising rapidly above and a threatened 
ri.se of some 20 feet was expected. 

The river actually rose from December 28 to January 17, 19, Hi feet. By the time the 
upper revetment work was finished, it became evident Ihat it would be unsafe and 
extremely hazardous to undertake the further continuance of the construction of 
the 300-foot mats in the rapid current that developed and subject to the dangers 
from drift. 

In accordance with your instructions and in order to utilize the brush and poles 
on hand, as the upper bank had already been graded, a mattress Ihe width of one 
mattress boat (180 feet) was built 500 feet long and sunk in place. 

The remainder of the brush and poles not used, was unloaded from the barges, and 
what stone remained was unloaded on the bank about 1 mile above Offntt Landing, 
for use the next season. 

To check the flow of water that passes over this narrow neck at flood stages and 
to prevent the formation of channels which might precipitate a cut-ofi", two slash- 
ings approximately parallel with the axis of the neck, were made, beginning at an 
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€>1d levee that crosses the neck aboat 1,000 feet below the narrowest part; and ex- 
tending into the large timber above. 

The one nearest the upper side is about 900 feet from the river at the narrowest 
point; and 7,000 feet in length ; the other is 500 feet from the river on the lower side 
and 6,400 feet in length ; the distance between the two lines of hurdles is about 900 
feet. 

The saplings and small brush were cut off about 6 feet from the ground, and the 
topB usecL in wattling between the stumps. 

Where there were no trees, posts were set in the ground, all ditches and gullies 
crossing the neck were obstructed by building earthen dams across them at intervals. 

Below is a statement showing the amount of. completed work : 





Feet. 


Squares. 


Main mattress built : 
No.l 


200 by 345 
200 by 345 
728 by 300 
515 by 300 
373 by 300 
520 by 300 
500 by 180 


090.00 
OOO.OO 
2, 184. 00 
1,645.00 
1, 119. 00 
1,500.00 
900.00 


2 


3 


4 


5 





7 


Total linoal feet 

Shore mat built: 

No.l 


3,036 

220 by 35 
280 by 108 
480 by SO 


8,088.00 

77.00 
302.40 
240.00 


2 


3 


ToUl lineal feet 

Upper bank revetment: 

Total squares of re- 
vetment 


980 


019.40 


2820by«5.3 


1,842.00 




11,150.00 







The actual length of bank covered with revetment aud subaqueous mattress was 
2,820 linear feet, 216 linear feet being taken up by overlapping of mattresses. 

Tlie amount of brush used per square of completed revetment work was : Brush 
0.708 cord ; poles, 0.136 cord, total brush and poles per square, 0.84 cord. 

The amount of stone used per square of completed work was 1.08 cubic yards. 

Crib work. 

210 by 32 by 7 feet. 
30 by 16 by 3.6 feet cubic feet.. 51,560 

The amount of material used was 200 cords of poleH and 180 cubic yards of stone. 

Grading, 

3,200 linear feet of bank from 25 to 30 feet high. 

Clearing, 

6,000 by 230 feet acres.. 31.6 

Hurdling, 
13,400 by 6 squares.. 804 

The amount and value of nmtcrial oxpeuded is as follows: 

Brush (7,901.1 cords)*. $8,128.63 

Poles (1,722.8 cords) 3,296.15 

Stone (12,184.8 cubic yards) 27, .507. 48 

Wire cable, three-eighths-inch diameter (8.700 pounds) 939. 60 

Wire cable, three-eighths-iuch diameter (50,284 pounds) 1. 996. 60 

Wire, galvanized, (92,016 ponnds) 3,1^4.28 

Bpikes (16,740 pounds) 615.08 
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Coal $3,266.8^ 

Oil 259.14 

Mediciueti : 1 II. &7 

Lumber 494. 80 

CleviseH 67. 50 

Bolte 46.55 

Supplies 114. t® 

Permauent supplioH ( one-half coftt charged) , 513. 87 

Rope (one-half cost charge<l) ^ * 950. 07 

51, 534. 26 

Labor (pay rolls) $28,425.27 

Subsistence stqaps* 6,765.84 

35, 191. 11 

Traveling expenses and transportation 282. 21 

Office expenses (Memphis) 195. 78 

. Total 87,208.36 

Deducting the cost of 13,400 linear feet hurdling 6 feet high, 
built on the neck, parallel with the asds, 804 squares, at 

$1.19 ^5.40 

1,821 cubic yards stone, unloaded on bank for next season's 

work, at 25 cents 455, 25 

1,410.65 

Leaving the cost of the revetment work 85, 792.71 

-n. X ^ , X . , $85,792.71 ^^ 

Cost per square of completed work, iriso""" =^"^* 



1- 4^ ^ P w ^ 1, ^>792.71 

Cost per linear foot of completed work, — JWn — — 



= $30.42. 



The percentage of the cost of the different items is : 



MaterialB and 8iip}ilief« 

Towage 

Labor 

Subnisteuce 

Office and traveling expenscH 
Superintendence 

Total 



Value. 



$48,287.41 

e, 115. 04 

22, 680. 51 

8,224.64 

961. oO 

1,554.17 



Per cent. 



87,203.86 , 



55.36 
7.01 

2C.01 
9.43 
0.41 



lOOLOO 



The extreme width (300 feet) was adopted for the subaqueous mattreas, as at the 
point where the work was done the current at niidstage set directly into the bank. 

It is thought that the place of greatest danger, and where the caving was the 
most active, is protected by the work done last season, but it is absolutely necessary 
to siipplement this by continuing the improvement both above and below during 
the next low-water season, to render the im])rovement permanent. 



The work put in last season has stood the past flood remarkably well. The im- 

Erovement was begun very late in the season, November 1, and was stopped by the 
igh stage of the river January 17, 1891, when only 2,820 feet of revetment had been 
completcfl. Five hundred feet of this at the lower end, on account of the swift cur- 
rent, drift, and other difficulties peculiar to this class of work at high stages, was 
necessarily constructed with a narrow mattress 180 feet wide, which only partially 
protected the foot of the bank. 

This part of the work has settled, due to scour under the outer edge of the mat, 
which under the circumstances of the case was of inadequate width, but the 1>est 
that could be done. 

The rest of the revetment is intact and in good condition. 

The entire work was Hiibject'ed to an enormous and unusual strain, due to ita lo- 
cation. It was located so as to shield the narrowest part of the neck, where the 
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Cloving had been the most active and the over pour across the narrow part the 
l^nreatest. 

Under these circumstances the results attained are extremely gratifying. 

Work should be continued on this improvement, both at the upper and lower end, 
as soon as practicable^ so as to finish the contemplated extension the present season. 

Even this accomplished, it may be necessary to revet the under side of the penin- 
sula, as the recession the of bank in Rowdy Bend below Gaines Landing indicates 
that an attack will next be made here, caused by the'current being deflected across 
from the Arkansas side te the lower side of the neck. 

The two lines of brush hurdles placed parallel with the axis of the neck offered 
considerable resistance to the flow of water at high stages across the neck, and where 
protected by undergrowth remained standing and caused a very considerable de- 
posit at places. In this connection it may be said that a levee running down thd 
middle of the neck, built above the high- water line, as originally recommended, 
would probably ^ve better results. 

The current inanced by the difference of slope between the river on the upper and 
lower side of the neck, which is only 2,15# ieet across, while the distance around 
is 8 miles, is sufficient to lead to serious a])preheuBion that a channel may form and 
a cut-off be precipitated thereby during nigh water unless this flow is checked. 

The hurdles built are to a certain extent efficacious, but it is doubted if they pre- 
sent a sufficient obstacle to prevent all danger from tnis cause. 

Plate 1 shows the present condition of this improvement. 

UfiYEES. 

Plates 4 and 5 are profiles showing the heights of levees in the Third District in 
1880 and 1891, and the flood heights of 1882, 1890, and 1891. 

Tables accompanying this report ^ive the yardage and cost of the levees con- 
structed by the United States in the district to January 1, 1891. 

Under the river and harbor act approved September 19, 1890, the Mississippi River 
Commission made the following allotments for levees in Third District, of which 5 per 
cent, was to be retained for high- water protection : 

Levees, Lower Mississropi Levee District $198,000 

Levees, Tensas Basin, Tnird District in Arkansas 190, 000 

Levees, Tensas Basin, Third District in Louisiana 95, 000 

Under these allotments proposals w($re invited for building levees November 8, 
1890, and opened November 18, 1890. 
The following is an abstract of the bids received : 

Abstract of proposals for enlargement of levees. Lower Mississippi Levee District, 

[Beoeived and opened by Capt. S. W. Roessler, Corps of Engineers, Kovember 18, 1890.] 



No. 



Name of bidder. 



A. Arnold 

Gmeflt Hvnor 

P.F.Lanib 

Harvey &. Scott... 
W.L.tolebr»w... 
Robert Johnson . . . 

A. R. Fudge 

Carey Bros 

Timothy Sullivan. 



Timber- 
lake to 
Port An- 
derson. 



20^ 
241 
30 
*22 



33 
2?" 



Port An- 
derson to 
OfiVitt. 



\ 



27^ 

25 

26 



28 



Offlitt 
Front 



29 



34 
'36' 



Skipwith. 



Longwood. 



34i 



*30 



Clover 
Hill. 



* Con tract made. 
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Abstract of propomls for construction and repair of leveeSf Tensas Basin, in Arkansas. 
[Ileci^iyed and opened by Capt. S. TV. Koessler, Corps of Engineers, Ifovember 18, 1890.] 





Name. 


Brooks- 
lieW. 


ifeggy 

Bjiyou 


Lucca Loop. 


Luna. 


Coinm- 
bia. 




' aid<^ 


>lo. 


Long 
time. 


Short 
time. 


Leland. 


1 


Flynn & Do Gaiis 


Peryd. 


Peryd. 


Per yd. 
$0.23| 
.22 


Peryd. 

10.41 

.27 


Peryd. 


Peryd. 


Peryd. 


Per t^ 


2 


A. Arnold 




#0.29 


10.23 


10.21 


to. 22 
.22 


• 3 


Levi W. Webb 






4 


Ernest Hyner 




• 










-IT 


6 


P. F. Lamb 






.23 
.204 







.23 
.20 


.20 


•i? 


6 


Harvey St. Scott 


^28 


.29 




.20 


7 


Hoffan & Buchanan 


•1? 


8 


W.X. Klllebrew 




1 


.204 











9 


J.S.Gant 








.244 


.23 


.23 


.l^ 


11 


J. M. Wbitebil] 


*.25 


.28 


:1? 
. . . 


.28 


12 


E.O.&W.S. Withers.. 


.25 


.21 


.19 
.244 


.184 
.23 


.181 


18 


T. S. Aderholdt&Co... 








.26 


14 


Kobert Johnson 


.284 


.284 


.234 
.23,V. 


.35 
.33 




15 


Andrews & Oirden 






.ldi% 


.19* 


17 


A. K. Fudge.* 




*.24i 






18 


The Sunnyside Co 








.lOi 






*. 1€ 


19 


Carey Bros 




.27 
.28 


.19 
.21 










21 


Kobert E.Craig 






M9 


M8 


M74 


IS 











^Contract made. 

Abstract of proposals for construction of levees, Tensas BaMn Front, in LoniMuna (Elton), 
[Opened by Capt. S. W. Koessler, Corps of Engineers, November 18, 1890.] 



No. 



Name of bidder. 



A. .•VrnoUl 

Harvey & St'ott. .. 
Peter Trezt'vunt . . . 
Andrews & Ocdoii 
Edunmd P.White 
John Scott & Son . 



Per yard. 



fO-21^ 
.24 
.271 



* Contract made. 
LKVEKS, LOWER MISSISSIPPI LBVEB DISTRICT. 

Tlio levee section generally adopted within the last few years by the local author- 
itioH had a crown of Irom 4 to 6 feet, slopes from 1 on 2^ to 1 on 3, and a narrow berme 
on the river side. This section has recently been increased to a width of crown of 8 
feet, slopes 1 on 3, and a berme of 30 feet. The levees constructed during the last 
fiscal yoMT by the United States have conformed to these dimensions. 

The following is an estimate of the yardage required to complete the levees in tUia 
district as estimated by the Lower Mississippi Levee Board June 1, 1891: 

Cnbio yanla. 
Amount required to raise levees to a grade equal to calculated high water 

of 1890 2,076.300 

To 1 foot above 3,912,500 

To 2 feet above 6, 281, 600 

To 3 feet above 8,799,000 

From these estimates are to l)o tlcdurted tlir yardago put up nince January 1, 1891, 
by the United States, and that still under contract, which is about 616,000 cubic 
yards. 

The work done bv the Lower Mississippi Levee Board from June 1, 1890, to June 
1, 1891, was 1,492,973 cubic yards. 

lu the following table is given a list of the levees constructed and enlarged by the 
United States, and their cubic yards completed during the fiscal year eudins: June 
1, 1891: 
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Levee enlargement work, Lower MiaeisHppi levee diatriot, under oontraot toith the United 

Staiee. 



Kame of leyee. 


Looation' 
on inch to 
mile map. 


Length. 


Complete 

to June 1, 

1891. 


Amount 
yet to do. 


Total 
quantity. 


Contractors. 


Timberlake ..... 


441-443 L 

44;M44 L 

444^78 L 

502 L 

534 L 

528 L 

529 L 


Feet. 

10,025 

10,000 

72,265 

14,600 

6,570 

6,580 

5,641 


Ou.ydt. 

34,880 

30,800 

321,179 

61, 825 

22, 057 

7,395 

7,800 


Ou.ydt. 
14,620 
4,200 
33, 112 


Ou.ydt. 
49,500 
35, 000 
354,291 
61. 825 
33,769 
43,943 
23,588 


Harvey & Scott. 
A. R. Fudge. 
Harvey & Scptt. 
Tioiothy Sullivan. 
Do. 


Port AiKleraon 

()ffiit« Front 

Loiiffwoo<l . . . 


Clover Hill 


11,712 
36,518 
15,788 


Upper Skipwith.... 
Lower Skipwith.... 


Carey & Mima. 
L. C. Dulaney. 


Total 




125, {i61 


485,936 


115,980 


601,916 











In addition to the above, the United States has boilt two loops above Greenville 
of about 16,000 cubic yards: 

The contractors were generally slow in beginning operations and failed to hav«3 a 
sufficient force to complete their work within the time specified, i. e., March 1, 1891. 

In January and February an extra force was employed by the General Govemm out 
on the Port Anderson and Offuts Front Levees, and the cost thereof was charged to 
the contractors. ^ 

The contracts were extended to July 1, 1891, at which date it is expected all the 
levees under contract will be completed except the Timberlake and Clover Hill levee, 
along some portions of which the borrow pits are now filled with water, and it has 
been impracticable to resume work. 

These levees were under local charge of Assistant Engineer Coppee until February 
15, and since that date under Assistant Engineer Hider. 

UGVEES, TENSAS BASIN, ARKANSAS. 

The old levees in this front have generally a 4-foot crown with slopes 1 on 3, 
and are from 1 to 3 feet lower than the corresponding levees on the Mississippi side. 

They cross few sloughs, are generally well protected by timber on the river side, 
and except near Lucca and Suuuyside, where it is expected to build new levees this 
next season, they are distant from caving banks. 

The following summary of an estimate prepared by Assistant Engineer E. C. Tol- 
linger of the yardage required to raise the levees to the stated height above the 
assumed high water of 1890, with a crown of 8 feet, and slopes of 1 on 3, is sub- 
mitted. 

The high- water line of 1890 assumed is that which it is estimated the freshet would 
have attained if there had been no breaks in the levees, and is 17 feet above that 
which existed at Arkansas City, and 23 feet above that at Greenville, Miss. 

Summary, * ^ 



Totelforl 

footabove 

high water, 

1890. 


Present 
levoe. 


Additional yardage required. 


Bemarks. 


For 1 foot 
above high 
water,1890. 


For 2 feet 
above high 
water, 1890. 


For 3 feet 
above high 
wator,1890. 


Cubie ydt. 
1, 951, 243 
2,102,790 
4, 054, 043 
1,681,106 
1,995,121 
7, 730, 270 
386, 614 
8,116,784 


OtUneydt. 

967,474 
1,222,167 
2,189,641 

760,467 

657.621 
3,607,909 

180,395 
3,788,304 


Cubie ydt. 

983,769 

880,623 
1,864,392 

920,459 
1,337,500 
4, 122, 351 

206,118 
4,328,469 


Cubie ydt. 
1,206,013 
1,172,223 
2, 378, 236 
1,230,500 
1,732,073 
5, 340, 809 
267,040 
6,607,849 


Cubie ydt. 
1, 480, 360 
1,483,681 
2,964,041 
l,5r2,623 
2, 134. 359 
6,670,023 
333,501 
7,003,524 


Amo8 Bayon to Arkan^aa City. 
Arkansas City to Linwood. 
Amos Bayou to Linwood. 
Linwood to Lakeport 
Lakeport to Louisiana line. 
Amos Bayou to Louisiana lino. 
5 per cent, for contingencies. 



Note This table does not inclade work under contract by United States, by State forces, nor the 

extension of the line to connect with the levees on Arkansas Biver. 

Jn the following table is shown the levee work undertaken by the General Gov- 
erument, the Teusas Basin Levee Board of Louisiana, and Desha County Levee Board 
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of Arkansas, from Amos Bavou to the Louisiana State Line, from May 1, 1S90, to Mst 
1, 1891. Construction grade elevation above high water of 1890 is 3 feet with an 
8-foot crown, slope 3 to 1. 



Location. 


Length of 
work. 


Earth- 
work. 


Prico 

per 

cubic 

yard. 


Cost of 

each 
contnMit. 


Bemarks. 


CoDtractor. 


New 
levee. 


Old 

levee. 


BroolL8U<ad,De8ha Co . 

Bo^gy Bayon, Deaba 

Lucca Loop exten- 
sion, Desha Co. 
Sappington. Desha Co . 
Ferguson, Desha Co . . 
Chicot, Desha Co 

Arkansas City, Desha 

Co. 
Luna, Chicot Co : 

Columbia, Chicot Co. . 


Feet. 
002 

1,785 

16,524 

963 
471 
650 

1,291 

1,630 

1,480 
4,670 

16,330 


Feet. 

2,829 
10,070 


Cu.yd$. 
16, 575. 2 

90,703.4 

462,850.5 

10, 630. 6 
6,840.2 
8,706.8 

27,487.2 

32,205.4 

17,453.2 
44,805.7 

43, 100.^ 

26,680.0 

10,200.0 


Oent9. 

25 

10 

18| 

m 

16 

mh 

19U 


14,143.80 

22,449.00 

84,446.86 

2,090.08 
1,346.66 
1,714.15 

5,411.55 

6,119.08 

3,272.30 
7,491.00 

6,786.00 

5,252.62 

2,008.13 


United Stat«6 

Grovemment. 

do 


J.M.Whit€liiIL 

A.R.Fadge. 

J.M.W1iitehilL 

Do. 
Do. . 
Do. 

Do. 

R.E.Cr«lg. 

Do. 


....do 

...-do 

Desha Levee 

Boaid. 
Tensas Basin . 

United StAtes 

Government. 

....do 


Leland Short Line, 
Chicot Co. 

Sunnyside Front, Chi- 
cot Co. 

North of Arkansas 
Citv, Desha Co. 


....do 

....do 


Do. 

Sunny side Land 

Co. 
J.M.WhitehilL 

Do. 


Tensas Basin. 
do 








r 





As in Mississippi, work has been delayed by the contractors beinff slow in com- 
mencing operations, and by excessive rains, none of the levees nncter contract by 
the General Government wore completed within the time called for by the specifica- 
tions. The contracts have been extended to Jnly 1, 1891, at which date It is ex- 
pected that the levees will be practically completed, with the exception of the 
Lucca Loop extension, on which levee the contractor has nntil February 1, 1 892, to 
complete his contract. 

The levees of the Tensas Basin leave the Mississippi River at Cypress Creek and 
extend along that creek to Boggy Bayon. Between Cypress Creek and the Arkan- 
sas River is a tract of country unprotected from overflow, while iGronnd the head of 
the levees during ireshets a flood of water flows into the bayous and swamps of 
Lower Arkansas and Louisiana. 

To fully protect the Tensils Basin it will be necessary to extend the existing line 
of levees to connect with the levees on the Arkansas River, and to repair the Arkan- 
sas River levees for some distance up that river. A survey of two lines for that pur- 
pose was undertaken in 1889. Captain RosselFs report upon that survey is appended. 
His estimate of 1,621,198 cul^c yards is based upon flood heights previous to 1890. 

To raise the lavees to 1 foot above the assumed nood heights of 1890 would increase 
that estimate to 2,231,362 cubic yards. 

LEVEES, TENSAS BASIN, LOUISIANA. 

The profile of these levees is much stronger than those of Arkansas. They are in 
general not of sufficient height, and are situated close to the river, so that they are 
more liable to be destroyed by caving banks. 

The estimated yardage necessary to raise the levees of this basin in the third dis- 
trict to a height of 3 feet above the hi^h water of 1890, with 8-foot crown and slofve 
of 1 on 3 on nver side, is 2,795,844 cubic yards as estimated by the chief State engi- 
neer, H. B. Richardson, of Louisiana, whose letter is appended. 

The general Government has under contract the new Elton levee (538 to 541), which 
was biiilt in rear of an old levee which was threatening to cave into tihe river 
and has since in large part been destroyed; 315,000 cubic yards were completed 
June 1. Considerable trouble was experienced in crossing a willow slough, where 
the levee for a distance of 400 feet, when nearly completed, beg^an sinking and forcing 
out a weak underlying stratum. This sinking continued nntil a test gauge at sta- 
tion 148 -f 50 indicate a lowering of the surface of 24 feet. The groimd in rear of 
the levee was upheaved a maximum distance of 12^ feet, and forms a berme for a die- 
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tance of 100 feet with a width of 36 feet on top and about 50 feet at the bottom. 
The contractor bos a larffe force at work on this levee, and it is expected that it will 
be completed early in Jmy. 

HIGH WATER PROTKOTIOK OF LBVBES. 

As soon as this year's freshet had attained snob a height as to canse apprehension 
in regard to l^e safety of the levbes, forces were organized for high- water protection. 
The towboat 09ceola was employed on inspection service and in transpoiiiing mate- 
rial for the levees in Mississippi and Arkansas, and the steamer Meig9 patrolled the 
Louisiana front. The towboat Vidalia, which was employed in gauging the river at 
Arkansas City, was held in readiness to assist the Osceola, but fortunately her serv- 
ices were not required. The assistant engineers who ha<l been employed on levee 
construction were assigned to local charge of levee protection, and insx>ectors were 
distributed at critical points: Measurt s were taken to repair all dangerous points, 
and sacks and lumber were distributed so as to be available at threatened localities. 
The State forces had also early organized and had adopted a system of patrolling 
the levees, which was of great value in giving warning of threatened danger. The 
General Oovernment only attempted to suard and patrol levees in exceptional case«, 
such as where the line was in an uninhaoited region, or where there appeared to be 
danger of attempts being made to cut the levee. 

The following allotment for high water protection was made by the Mississippi 
Kiver Commission and approved by the Secretary of War, March 20, 1891, which 
enabled work to be prosecuted with increased vigor: 

Levees, Lower Mississippi levee district $32^750 

Levees, Tensas Basin, tmrd district, Arkansas 47, 500 

Levees, Tensas Basin, third district, Louisiana 34,062 

The principal sources of trouble were the sloughing oif of the back slope, partic- 
ularly where new work had been put on the land side, wave- wash on levees which 
were not properly sodded, too low levees which required to be topped to prevent 
the water flowing over them, and a seepage through the levees near and under the 
base frequently attributed to crawfish holes. 

Three crevasses occurred in the third district during the freshet. The first on March 
21, near Concordia, La., (549 R); the second near the Stella plantation, Mississippi, 
(503 L), on the night of Aprif 3, and the third in front of Greenville, April 22. Tlie 
first 2 crevasses occurred in old levees which were considered perfectly safe, and 
therefore had not been carefully inspected. The one in front of Greenville was due 
Uy the caving in of the river bank, had been anticipated, and a back levee had been 
partially constructed. This levee was raised above the water level a few hours 
after the break occurred, and the crevasse closed. 

The Concordia breakjnradually assumed a width of 1,000 feet, and had a maximum 
flow through it of 100,0W) cubic feet per second. Efforts were made to hold the ends 
by covering them first by mats of sand bags and bagging, then by a mat of brush 
and sand bags, and finsJly, by building out spur dikes of brush, piles, and sand 
bags approximately at right angles to the levee, which deflected the water from the 
end to be protected. This last method was successful. 

The encb of the Stella Crev^lsse were successfully held by similar dikes, the 
crevasse widening to 422 feet. The maximum discharge through it was found to be 
19,000 feet per second. In front of the crevasse was a private levee, which had been 
overtopped during the freshet, and a number of gaps washed through it. The Board 
of Mississippi Levee Commissioners undertook the closing and raising of this private 
lovee. Between April 14 and May 7 they closed 10 breaks, aggregating a length of 
2,500 feet, and having a depth of from 2 to 8 feet, and materiaUy reduced the flow of 
water through the break, which on May 5 was found to be 2,800 cubic feet per sec- 
ond. Work was then abandoned, as the river was falling so rapidly that further 
expenditure was not deemed advisable. 

To Assistant Engineers Arthur Hider, E. C. Tollinger, and Henry Goodrich, great 
credit is due for the zeal and intelligence they displayed throughout this struggle 
with the high water, and to whose untiring efforts the success achieved in holding 
the levees is largely due. 

FRESHBT OF 1891. 

The water reached its highest point in the Third District about the 4th of Anril. 
At the upper and lower end of the district it was very considerably below that of 
lust year, while in the vicinity of Lake Providence, and for some distance below, it 
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was equal or slightly above that of 1890. Below is the height attained at a Hbv 

points. 



Ii<KuJity. 


BiatMioe 
below 
Cairo. 




Mouth of White River 


Miim. 

393.0 
401.8 
438.3 
479.0 
531.5 
542.5 
573.6 
509.0 
007.0 


2. 7 feel below 18W. 


Month of A rV An4H4 Hi vijr .- ,. ^. --^..-., 


2. 4 feet %etow laao. 


Arkansas Citv 


1. 15 feet below 18B0. 


Greenville 




Wilson Point 




Lske Provitlonce. .................. ............................... 


0. 10 feei above ]80l». 


Henderson 


0. 05 feet lielow 1B90. 


Vicksburg 


1. 00 feet below 1890. 


'Warrentou ... ........................... ........... 1 


1. 00 feet below 1880. 







The area overflowed on the right bank, due to the Concordia Crevaase, was only 
13.5 per cent, of the laud submerged in 1890^ and was confined to East Carroll and 
MadiHon parishes. In East Carroll Parish 148 square miles were oyerflowed; iu 
Madison Parish 270 square miles were overflowed; total, 418 square miles. Area 
overflowed in 1890, 3,0^ square miles. 

On the left bank only 29.3 per cent, of the land submersed last year was over- 
flowed. This was due to the Stella Crevasse (503 L), and tne Robertsonville Crev- 
asse (338 L) in the Second District. The area submerge in Bolivar County was dut* 
to the crevasse at Robertsonville. 

In Bolivar County 62 square miles were overflowed; Washington County, 63; Is- 
saquena County, 177; Sharkey County, 100; Warren County, 152; total, 554 square 
miles. Area overflowed in 1890, 1,889 square miles. 

A map showing the limits of the overaow due to these crevasses, from a recon- 
noisHance made after the water subsided, is submitted. (Plate 6.) 

Attention is especially invited to the following modifications in the oonstmotion 
of levees proposed by Assistant Engineer Arthur Hider. 

Tlie necessity for greater cjvre in selecting material for the foundations of leveejA 
has been forcibly shown during this freshet. For high levees Mr. Hider's ciirv«» 
give a rather large banquette. 



PROPOSED SECTIONS FOB LEVEES. 

The lessons taught by the last high water are but a repetition of the experience 
gained by tht^ previous overflow, and only more thoroughly demonstrated the urgent 
necessity that the greatest care be exercised in levee construction. 

During the period when the water is at or near their tops, the most earefdl in- 
spection and guarding is required to prevent disaster. In the report of last year the 
following recommenaations were made to avoid a recurrence of the disastex^ns 
crevasses that then took place. 

(1) A greater height of embankment. 

(2) A larger section. 

(3) More care in selection of material and in details of construction of the founda- 
tion. 

(4) The addition of a berm on the land side, where the material is porons, to ^ve 
the necessary weight and stability to counteract the water pressure from l^e nver 
side. 

The experience of the present season, both in enlarging and strengthening old 
levees and in protecting them from damage during the flood, onlv tends to render 
more apparent the necessity that the greatest care be exercised in tneir construction, 
and fully bears out the general rceoinniendations then made, which are here rcit<er- 
atod and elaborated more in detail. 

In former years it has been the practice to build these embankments at the least 
possible cost, and to this end to use the material closest at hand, with little, if any, 
selection, — in other words, to build a bank of earth of the nearest available material 
to keep out the water during the time of flood. 

While the greate.r part of the front was unleveed and the embankments were of 
small dimensions and of no great height, the weak features in this method of eon- 
8tru(jtion were not so apparent, but as the levee system was extended from year to 
year, rendering necessary the building of much higher and larger embankments to 
restrain the annual floods, the frequent crevasses, from unknown causes and without 
apparent weakness at the particular locality, demonstrated that the fault lay either 
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in the method employed in their conatrnction, or that defects existed in tlie fonnda- 
tion .itself upon which they rested. It can hardly he expected that levees con- 
stmcted as at present^ with light porous soil, and the vegetable matter near the 
surface of the natural i^ound distributed through the mam body of the embank* 
ment/to withstand the pressure of water for 3 or 4 months each year, without a 
thorough saturation and consequent leakage, enough to menace the stability of the 
embankment, unless they are made of unnecessarily large dimensions. 

The sections generally adopted in Mississippi until within the past few ^ears were, 
crown 4 to 6 feet, slopes from 3 to 2| on 1, and a narrow berme on the river side of 
firom 8 to 12 feet. Fie. 1, Plate (7). The dimensions are being increased to a stand- 
ard of 8 feet crown, slope 3 to 1 on each side, and a berme of at least 30 feet on the 
river side. Fig^ 2. 

The plan of leyee building formerly pursued was : 

(1) To chop down the brush and trees within the space to be occupied by the base 
of tne levee, and cut off the stumps even with the ground, leaving the test of the 
stump and roots to rot in the levee. 

(2) Then to plow up the surface to be covered by embankment. 

(3) To dig ''muck'^ ditch &om 4 to 6 feet wide and 6 feet deep, which wa« filled 
with earth and loosely compacted. 

(4) The earth to form the embankment was then indiscriminately deposited with- 
out selection, the borrow pits beiu^ from 6 to 8 feet deep, and often within 10 feet of 
the base of the levee, the earth being obtained from the river side. 

By proceeding in this manner the vegetable material and top soil is loosened under 
the base of the leTee, and as the borrow pits are uncovered the first material obtained, 
which is the* top soil, naturally finds its way into the base of the levee. Supposing 
this top soil (full of grass roots and other aecaying vegetal^^e matter) to be 1 foot 
thick, we have the base of the levee composed of from 1-^ to 2 feet of porous soil, de- 
pending upon its distribution. This is the part of the levee subjected to the great- 
est pressure, and, from the character of the material of which it is composed, is least 
adapted to withstand the strain and prevent the percolation of water under pressure; 
the consequence is that nearly all of the old levees have serious leaks at and just 
above the surface of the ground. 

Dftring high water it will be found that along the inside of the levee the ground 
is thoroughly saturated with sipe water, and as the roadway for travel is located 
here, each vehicle or animal passing only tends to make the ground more soft and 
boggy, so that in a short time the road is absolutely impassable for vehicles, and fre- 
cfuently for horsemen. To mitigate this evil, a drainage ditch is often cut to drain 
this water at a short distance from the base, which increases the danger of the water 
forcing itself through from the river side. 

The changes in the present method of construction suggested are : 

(1) To clear the base of the levee, grubbing out all stumps and roots. 

(2) To plow up the surface of the ground to be occupied by the levee and also that 
under the berme or banquette which is to be built on the land side. 

(3) To use all the top soil containing roots or other perishable material from the 
base of the levee, as well as from the borrow pits, to form the banquette and road- 
way on the land side. 

(4) To construct a muck ditch of selected material of suitable dimensions in the 
center of the levee. 

The earth to be thoroughly compacted. 

(5) To construct the levee proper with material obtained from the borrow pits, 
after all soil and decaying vegetable matter has been removed. 

(6) No borrow pits to be within 40 feet of the base of the levee and to be not more 
than 5 feet deep. 

The advantages of the method proposed are that the material where the pressure 
is greatest, viz, at the foot of the slope, is the best available and free from decaying 
vegetable matter. 

The banquette affords additional section where most needed, and prevents dan- 
gerous leakage and sipage, as the additional distance the water has to percolate 
aestroys to a great exsent its power to transport material through the embankment. 
It affords a roadway at all seasons of the year without injury to the main levee, an 
important consideration during high water. The danger from insecure foundation 
or from levees built on porous soil is very much reduced, as the additional weight 
of the banquette on the Inside of the levee prevents the water forcing its way up 
near the foot of the inside slope. It is proposed to restrict the height of levees 
without a banquette on the inside to 6 feet, the banquette to be of a constant width 
on top of 40 feet and 6 feet below the top of lovee, with the outer slope of 2 on 1, 
and to be used as a roadway. A section of the proposed levee is shown by Fig. 3. 
The additional cost of the section proposed, compr.rcd with that now adopted as to 
standard, is given below for every 2 feet in height from 6 to 20 feet. 

BWa 91 229 
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Additional cost of proposed section over that now used as standaxd: 
Height 6 feet, 12 per cent. 
Height 8 feet, 37 per cent. 
Height 10 feet, 44 per cent. 
Height 12 feet^ 45 per cent. 
Height 14 feet, 43 per cent. 
Height 16 feet, 40 per cent. 
Height 18 feet, 36 per cent. 
Height 20 feet, 34 per cent. 
By redncinc the width of the banquette to 20 feet, a section which is shois^ 
(FiK.4): . 

The increase of cost over the standard section is : 

Height 6 feet, 12 per cent. 
Height 8 feet, 21 per cent. 
Height 10 feet, 23 per cent. 
Height 12 feet, 22 per cent. 
Height 14 feet, 20 per cent. 
Height 16 feet, 17 x>er cent. 
Height 18 feet, 15 per cent. 
Height 20 feet, 13 per cent. 
The section of levee recommended is that shown by Fig. 3 and 5 with banqnetto 4'» 
feet wide. 

A comparison showing the increase of yardage for different heights in levees ii. 
100-foot sections with a 20-foot and 40- foot banquette on the plan proposcnl, cf*ii:- 
parod with the standard section, is shown in Fig. 6. 
The additional cost, it is believed, is more than offset by the benefits derivetl. 
Security to those who are dependent upon levees for protection and immunity tr«»iii 
overflow is, of course, the paramount consideration. Any plan that will iiiMin* 
this will justify a very considerable outlay to obtain those desirable result«i. Tlir' 
modifications are suggested with this eiul in view. 

With levees of sufficient height, carefully constructed upon the plan ontliiie<l 
above, the dangers of crevasses will be greatly reduced, and the line of levees made 
reasonably safe. 

REPAIRS AND CARE OF PLANT. 

The floating plant and other property, when not in use, have been cared for about 
1 mile below Greenville. There has been no loss of boats or barges durins: the year. 
The steamer Etheridge has been transferred to the general service, to facilitate "tow- 
ing stone during high water. 

Extensive repairs have been made to 5 miulel and 7 brush barges, 6 pile drivers, 
and 1 hydraulic grader. The hulls of those boats, except the bottoms, were nearly 
all repaired. Minor repairs have been made to nearly till the plant, which is requir- 
ing each year an increased expenditure for this purpose, a large nnmber of the 
boats having been in service over 9 years. 

The following boats and barge« have been put in working condition : 6 model 
barges, 10 quarter boats, 2 graders, 26 skifi's, 24 brush bargea, 6 geuexal service barges, 
3 Ht>eamboats, 2 mooring barge«, 5 mattress barges. 

To work with three revetment parties, as is proposed for this next season, will 
necessitate a large amoimt of further repair work. 

SURVEYS. 

Hydrographic surveys have been made in the vicinity of Lake Bolivar Front, Ash- 
brook Neck, Greenville, Mayersville, Raleigh, and Pil'cher Point. New shorelines, 
showing changes in caving bends, have been located in the vicinity of Lake Bolivar 
from Oftutts to Greenville and through Lake Providence Keaoh. 

DISCHARGE OBSERVATIONS. 

Three sets of observations for low- water discharge were taken at WUaon Point, 
Louisiana, in December, 1890. 

A party was engaged gauging the river at Arkansas City from March 9 to Mav 
12, 1891, and at Wilson Point from Marcli 27 to May 7, 1891. 

Hie resulta of the field observations are given in the accompanying reports of 
"William P. Richards and John J. Hoopes. 

Financial statements are herewith appended. 
Very respectfully, your obedient servant, 

C. MCD. TOWNSEND, 

Capt, of Engine 
Gen. C. B. Comstock, 

Col, of Engineers y Brev, Brig, Gen., U.S.A., 

President Mississippi River CommisHon, 
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Financial statement, 

LAKE PROVIDENCE BEACH. 

Balance, June 30, 1890 $6,526.66 

Allotment, act of September 19, 1890 185. 000. 00 

Allotment, act of March 3, 1891 330,000.00 

By transfer from Levees, Fourth Distric t 9, 000. 00 

530,526.66 

Withdrawn $125,000.00 

Expended to June 30, 1891 15,960.87 

140, 960. 87 

Balance, June 30, 1891 389,565.79 

In Treasury $3.")8, 000. 00 

In hand 31,565.79 

Total balance, June 30, 1891 389,565.79 

Less amounts covered by existing contracts and liabilities 30, 000. 00 

AvaUable balance, June 30, 1891 359,565.79 

Expenditures apportioned: 

Subsistence 2,384.76 

Cost of plant, repairs, and outfit 6,637.78 

Care of public property 3, 167. 62 

Towage and steamer expenses 1, 682. 33 

Administration and office expenses 1, 669. 78 

Surveys 290.70 

Miscellaneous 127. 90 

15,960.87 

Amountthatoan be profitably expended iu fiscal year ending June 30, 1893.. 750, 000. 00 

VICKSBURG, MISSISSIPPI. 

• Balance, June 30, 1890 37,305.75 

By transfer from Delta Point 156. 58 

Allotment, act of September 19, 1890 85, 500. 00 

122, 962. 33 
Expended to June 30, 1891 38,497.93 

Balance, June 30, 1891... 84,464.40 

In Treasury $70,500.00 

In hand 13,964.40 

84,464.40 

Less amount covered by existing contracts and liabilities 69, 464. 40 

Available balance, June 30, 1891 n5,000.00 

Expenditures apportioned : 

Cost of plant, outfit, and repairs 421. 98 

Subsistence 147.42 

Care of public property 675. 16 

Administration and office expenses < . 3, 241. 89 

Dredging under contract 33, 543. 05 

Surveys 337.43 

Miscellaneous 131. 00 

38, 497. 93 

Amountthat can be profitably expended in fiscal year ending June 30, 1893. 100, 000. 00 

* Reserved for repairs to Delta Point« 
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GREBKVILLE. MISSISSIPPI. 

Balance June 30, 1890 $3,482.4S 

Allotted, act of September 19,1890 100,000.*li) 

Allotted, act of March 3, 1891 100,OOOjXt 

208, 482. 4> 

Expended to June 30, 1891 8,69«.i: 

Balance, June 30, 1891 194, 786.1^> 

Less amount covered by existing contracts and liabilities 85, OOO. u 

Available balance, Juue30, 1891 109,786.26 

In treasury ; 197, 5O0.r"t 

In band* 

Expenditures apportioned : 

Labor on construction 449. 34 

Material for construction 5, 763. \ii 

Subsistence 1S4. >c 

Cost of plant, repairs, and outlit 363. Tit 

Care of public prox>erty 1, 171. ■> 

Administration and office expenses 774. ^< 

Miscellaneous 38. » 

8,696,22 

Amount that can be profitably expended in fiscal year ending J une 30, 1893 200, 000. (^ 

LAKE BOLTVAK TROXT. 

Balance, June 80, 1890 20,289.7:1 

Expended 1, 619.o^ 

Balance in hand June 30, 1891 tl8, 670. l' 

Expenditures apportioned : 

Administration and office expenses 561. <v: 

Surveys 1,057.1* 

1,619.:.: 

Amount that can be profitably expended in fiscal year ending J une 30, 1893 . lOO, 000. « « 

ASHBROOK NECK. 

Allotment, act of September 19, 1890 300,000.<»t 

Expend(Ml to June 30, 1891 85, 038. lo 

Balance, June 30, 1891 214, 961. )<» 

In Treasury $210,000.00 

In hand 4,C61.85 

214,961.8r> 

Less amount covered by existing contracts and liabilities 85, OOO. Oi> 

Available balance, June 30, 1891 129, 961. S"» 

Expenditures apportioned : 

Labor on construction 28, 425. 27 

Material for construction 43, 848. 4:") 

Subsistence 6, 765. Xi 

Cost of plant, repairs, and outlit 1, 676. 3:1 

Care of public property 900. u i 

Towage and steamer expenses 3, 266. S."i 

Administration and office exi)en8('M 477. 5<*» 

Medicines and medical attendance 614. r>7 

Miscellaneous 62. k.~> 

&5,OS8. l-> 

Amount that can be profitably expended in fiscal year ending June 30, 1K93. 100, 000. (hj 

* $2,713.74 temporarily used from Bolivar Front allotment. 

t]ii2,713.74 of this amount temporarily expende<l on Greenville, Miss., allotment. 



APPENDIX Z Z— tREPORT OP MISSISSIPPI RIVER COMMISSION. 3653 

PLANT, THIRD DISTRICT. 

Allotted, act of September 19, 1890 $100,000.00 

Allotted, act of March 3, 1891 « 30,000.00 

130 000.00 
Expended to June 30, 1891 5l|466.70 

Balance, June 30, 1891 78,533.30 

Amount covered by existing contracts and liabilitien. 35, 000. 00 

Available balance June 30, 1891 43,533.30 

In Treasury.. $75,000.00 

In hand 3,538.80 

78,583.80 

Expenditures apportioned : 

Labor on repairs : 16, 865. 34 

Material for repairs 16, 474. 65 

Care of plant, labor 10,284.80 

Care of plant, subsistence 4, 086v90 

Cost of outfit and supplies 2,266.25 

Administration and office expenses 1, 489. 76 

51,466.70 

Amount that can be profitably expended in fiscal year end ing June 30, 1893. 100, 000. 00 

SURVEYS, GAUGES, AND OBSERVATIONS, THIRD DISTRICT. 

Allotted, act of September 19, 1890 12,000.00 

Expended to Juno 30, 1891 .^ 6,602.91 

Balance June 30, 1891, all of which is available 5, 397. 09 

In Treasury $4,000.00 

In hand 1,397.09 

6,397.09 

Ex])enditnres apportioned: 

For surveys 1,430.41 

For gauges 222.00 

For observations 4, 950. 50 

6,602.91 

Amonnt that can be profitably expended in fiscal year ending June 80, 1898 . 12, 000. 00 

LEVEES LOWER MISSISSIPPI LEVEE DISTRICT. 

Allotment, act of September 19, 1890 230,750.00 

Expended to June 30, 1891 141,006.01 

Balance June 30, 1891 89,743.99 

For protection of levees $25, 510. 08 

Less liabilities 510. 08 

Available balance June 30, 1891 25,000.00 

For constmction of levees 64, 233. 91 

Less amonnt covered by existing contracts and liabilities . . 54, 233. 91 

Available balance June 30, 1891 10,000.00 

In Treasury for protection 12, 750. 00 

In hand for protection.... 12,760.08 

25, 510. 08 

In hand for construction 64, 233, 91 

89,743.99 
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* 
Expenditures apportioned : 

For levee construction and repairs $119, 727. J^ 

For engineering and office expenseH 4, 138, 14 

For hi^-water protection 17,139.92 

141,OO&01 

Amount that can be profitably expended in fiscal year ending Jane 90, 
1893: 

For construction 1, 000, 000. CO 

For high-water protection 15, 000.00 

LEVEES TENSAS BASIN, THIRD DISTRICT IN ARKANSAS. 

Allotment, act of September 19, 1890 237,500.01) 

Expended to June 30, 1891 69,282.76 

Balance June 30, 1891 168,217.34 

For protection of levees $37, 293. 32 

Less liabilities 293.32 

Available balance June 30, 1891 37,000.00 

For construction of levees 130, 923. 92 

Less amount covered by existing contracts 100, 923. 92 

Available balance June 30, 1891.. 30,000.00 

In Treasury for protection $22,500.00 

In hand for protection 14, 798. 32 

37,293.32 

In Treasury, for construction 76, 000. 00 

In hand for oonstruction 54, 923. 92 

180,«23,92 

168, 217. 24 

Expenditures apportioned: 

For construction of levees and repairs 44, 701.32 

For engineering and office expenses 4, 874. 76 

For high-water protection 19, 706. 6^ 

69,282.76 

Amount that can be profitably expended in fiscal year ending June 30, 
1893; 

For construction 1, 000^ 000. 0C« 

For protection 20^000.00 

LEVEES TENSAS BASIN, THIRD DISTRICT IN LOUISIANA. 

AUotment, act of September 19, 1890 129,062.0i> 

Expended to June 30, 1891 90,153.82 

Balance June 30, 1891 88,908.18 

For protection (all available) $16,533.77 

For construction (all pledged) 23, 374. 41 

38, 908. 18 

In Treasury for protection 14, 062. 00 

In hand for protection 1,47L77 

In hand for construction 23, 374. 41 

38,908.18 

Expenditures apportioned: 

For construction of levees 64, 656, riS 

For engineering and office expeiisoH 2, 219. Ol 

For high-water protection 23, 278. 23 

90, 153. It* 
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Amount that oan be profitably expended in fiscal year ending June 30, 

For construction $,500, 000. 00 

For protection 15, 000. 00 

6AUGUS, '^r'HlKD DISTKICT. 

Balance June 90, 1890 318.90 

Expenditores apportioned : 

For pay of ^auge observers $318.00 

For stationery .90 

318.90 

SURVEYS. BXAMINATIONS, AND INSPECTIONS. 

Balance June 30, 1890 62.26 

By transfer from Lake Bolivar allotment 1, 000. 00 

1, 062. 26 
Expenditores apportioned : 

For pay of survey party $510. 62 

For subsistence 462. 99 

For administration, inspection, and office expenses 58. 65 

1,062.26 

HIGH-WATER PROTECTION OF LEVEES. 

Balance June 30, 1890 , 747.43 

Apportioned as follows : 

For material for protection $150. 83 

For fuel for steamers 128. (K) 

For labor 28.5.00 

For administration and office expenses 183. 60 

747. 43 

LEVEES, THIRD DISTRICT. 

By amount transferred from protection of levees, fourth district 1, 000. 00 

Expenditures, apportioned as follows : 

For labor $690.00 

For administration and office expenses 310. 00 

1,000.00 



Approximate vahie of plant belonging to the United States and used upon the Mississippi 

River, ihird district. 



Steamboats — 

Osceola $9,000 

Vidalia 8,000 

Meter 3,500 

Steam tug Parker 5,000 

3 mattress boats 7, 500 

1 quarter boat 2,000 

9 quarter boats (with outHt) .... 8, 100 
3 quarter boats (with outfit) 1, 200 

2 hydraulic graders 20, 000 

24 square deck barges 19, 200 

10 model barges 15,000 

Machine shop and outfit 2, 500 



Carpenter shop and outfit $500 

12 pile drivers and machinery. . . 12, 000 

7 yawls 1.50 

39 skiffs 390 

Tools and applinucvH 1, 000 

Office furniture, safe, etc 250 

1 dredge (Menge) 10,000 

2 dump scows 5, 000 

Surveying instruments 1, 500 

Total 131,790 
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lAiti of cirilMH engineers employed oh work of nrer and harbor improvement, in charge ef 
Capts. S. fr. Roennler and (\ Mi- IK Totvuitend, Corps of Engineers, from Mag SI, lS90j 
t'Q May 31, W)I, inclusive, under the river and harbor acts of August 21 j 18S8, Sep- 
tember 19, 1890, and March 3, 1891, 



1 
1 

Name and renidenee. 


Time em- 
pluyed. 

Mo9. dayv. 

I 29 
3, 

1 
9 

3 

6 IS 
2 


Compen- 

Hut ion i>f r 

mouth. 

aoo 

200 

250 
250 

250 


Where employed. 


Work on which empfeyed. 


Arthur Hider, Gi'eeiiviUe. 


Greenville, Mias.... 
Aahhrook, Miu 

....do 


Care of fleet 

Kevetment of A a hi brook 

Neck. 
Do, 


Hisa. 


Greenville, Misa.... 
....do 


repaira to leveea in Miaaia^ 

BefMura to phat. 

In charge drodgiag opera- 
tions fit Yiokaba^ Ha r- 
bor. 

•leveeainMiaaiaappi. 
Care of fleet and repaiia. 
•Conatractkn and proteofeiaa 
of leveea in Arkanaaa. 

Lona. Columbia and Lc- 
lan(r levees in Arkanaaa. 
High-water obaervatioua and 
£achargea. 


H. St. L. Coppeo, Vioka- 
barg, MUfl. 

B. C. ToUiriKer, Arkanaas 
City, Ark, 

Henry (r^wdrich, I^akeProv- 
idencts La. 

Jno. J. H(M»|M*8, Arkansaa 
City, Ark. 


175 

175 

160 

175 

175 
160 


Vickabnrg, MiM.... 

Greenville. Kiaa.... 

...-do 

Arkanaaa City, Ark. 

LakeProvidenoe,lA. 
Arkanaaa City, Ark. 



Cost of levees in Mississippi (third district), built and enlarged bg the United States 

from 1882 to 1891. 



Year 

bum. 



1884-*85 . 

1887 

1889 



Name of levee. 



Magna Vista to Chotard 

Shiloh to Tennessee 

Ellealie 

Skipwith 

Longwood 

Jenkins to Easton 

Roland to Jenkins 

Clay & Baggotts to Boland . 

Wa<ie Breaks 

Hughes Breaks 

Bemah to Hughes 

Beulah Enlargement 

Beulah Breaks 

Riverton Breaks 

Riverton to Hughes 

Clay & Bagsot ts to Easton . 
Ben Lomond Hoop 



BnUt by— 



-do. 



Leoto 

DuvaDs 

Greenville I>ont 

Skipwith Front South. 



Mayer & Co 

Arnold & Co 

Hugh Carlisle 

W.B.Strang&Co... 

— do 

James Madden 

Clay &Miller 

Frnin &. Co 

...do 

...do 

...do 

...do 

Scott &T^mb 

James T. Stokes 

W.C. P.Jonea 

L. ('. Dnlaney 

J.L.Perkins 

J.P.Gray 

Itttbeii. Johnson 

...do 

J.A.Cannon 

Tim Sullivan 



Cubic 
yarda. 



49,357 
67,299.1 

133,500 
71,660 
75,891 
58,631 

155, 159 

103,208 
50,714 
22,882 

152,679 
66.836 
27, 162 

151,663 
38,892 
43,560 
44,963 
3,218.7 

151,260 
96,081.8 
8,773 

100, 146. 7 



1.672.619.3 
For protection and engineering expenses, 1882 to January 1, 1891 

Total 



Coat, In- 
cluding ex 
tension 
work. 



$10,858.54 

17,501.52 

27.285.12 

18, 307. 18 

18, 681. 42 

12,775.11 

45,520.70 

81,594.85 

12,445.36 

5,491.68 

43,352.94 

22,219.93 

8,002.56 

41,949.01 

8,722.92 

9,766.80 

7,643.71 

708.10 

19,603.80 

30,544.96 

1.217.25 

14,877.99 



398,630.45 
95,175.57 

496,806.02 



Location 

on inch 

to mile 

map. 



667-^70 
55fr-5G 
53^541 
590.331 



434—435 



417-124 
416 



40(M0S 
400 
3B8>-I0I> 
400-403 
417-435 



544 

5U.5U 

56B-569 

478 

590-570 
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Cozi of levees in Arkansas, huilt and enlarged by ike United States from 1S82 to 1891, 



Tear 
bnUt. 



lH82-'83 . 

1885 

1887 



1887-'88. 



1887-'88. 



1888-'89. 
1889 



1889.. 



Name of levee. 



Dnfilu Break 

Panther ForeHt . 
Arkansaa City.. 



...do 

l^anther Forest 

Leland Short Liue 

Anioe Bayou, Arkansas City 

Panther Forest 

Matthews Bend 

Brooks Break 

Leland, (lower) 

Whisky Chute 

...do.. 

Opossum Fork 

do 

Lakeport to Louisiana line . 

Lakeport Levee 

Grand Lake 

Sunnyside 

Panther Forest 

Loops above Arkansas CiW 
Eunice, Luna, and Sunnysiae 

Sterling 

Carmiciiael Break 



Built by- 



Winters i Walsh 

Street &. Craig 

Amos Kidge Tennessee 
lud. Co. 
do. 



Geo. Arnold Co 

Stansell Si. Forrest . 
Tapper 6l Fisher . . . 

W.R. Harvey 

...do 



....do 

L. C. Dulaney 

Andrews Bros 

Team Force 

Arnold &■ De Garis. 

Purcell Sc Greace 

Flynn &, Do Garis. . 

E.Hyner 

McTighe & McKoe. 
LM. Worthlngton . 

W.ll.Harvev 

J.M.Whit«h*lll...:.. 
Flynn & DeGaris . . 

H. W. Graves 

T. S. Aderholdt 



Cubic 
yards. 



80.246 
ItfS, 182 
VG. 039 

1S8,43C.4 
302,466.3 
98,000 
123,885.4 
119, 823. 3 
129, 4r>3 
12,566 
53.128 
185,020.9 
45,000 
125.023.4 
82,297.4 
106,800 
8,419.5 
44.509 
18,420 
63. 694. 3 
27,250 
120, 613 
11,748.5 
5,831.6 



Cost, in- 
cluding ex- 
tension 
work. 



$21,411.68 
46. 564. 20 
23, 569. 57 

34,856.01 

6:^,611.38 

17,395.00 

21, 060. 50 

22,966.26 

24, 506. 07 

2,26188 

8, 500. 59 

53, 811. 19 

12, 769. 17 

31, 480. 84 

20,574.36 

20,843.47 

1,515.51 

9.791.98 

2,028.97 

12,738.74 

4. 905. 00 

21, 8.^4. 91 

1, 468. .52 

991. :n 



2, 102, 762 ! 482. 547. 17 
Expended for high-water protection and engineering expenses ; 
from 1882 to January 1,1891 1 102,535.91 

I I 



Total cost of Ajkansas levees ' ^'\ 083. Q 



Location 

on inch 

to mile 

map. 



440-442 
*440-453 
425-437 

425-437 

451-464 

469-471 

427-433 

449-455 

507-509 

507 

485-486 

487 

487 

(t) 

(t) 

496-521 

496 

500 

488 

451-453 

431 

461-490 

514 

(») 



* Caved away. 



t Not on map. 



Cost of levees in Louisiana, and enlarged by the United States from 18S2 to 1891, 



Tear 
built. 



1882-'83 . 



1884-'84. 



UTame of levee. 



Hugh Carlisle . 
Luke Madden . 
John B. Reid . . 



Delta to Bedford 

Sparta, above Dnckport 

Millikens Bend to Ca)>in 

Teele. 
Omega to Millikens Bend . . 
Raleigh to WUlow Point. . . 

Wilton to Raleigh 

Providence 

Delta to Bedford 

Raleigh to Willow Point [ do 

WUton to Raleigh ! Jos. C. Neely 



Built by- 



Hugh Carlisle 

D. flnver & Co 

R. G. Houston & Co . 

Jno.B.Reid 

Geo. Arnold U,(2o ... 



Cubic 
yards. 



39, 
90, 

199, 
41, 

390, 
63, 
93, 

126, 
13, 



003.3 
156.9 
002.2 

059.2 
287.7 
115.8 
192.5 
062.3 
598. 2 
020.5 



,1,299,398.6 

Expended for high-water protection and engineering expenses 
frdml882to January 1,1891 

Total cost of Louisiana levees 



Cost, in 
eluding ex- 
tension 
work. 



$62,264.07 
7,244.02 
17,175.41 

42,228.81 
9,083.29 
93, 930. 58 
13, 709. 53 
17 293.86 
22,311.53 
3,615.68 



288,856.78 
96,910.67 



385,767.45 



Location 

on inch 

to mile 

map. 



601-606 

589 

582-584 

578-581 
664-567 
561-564 
53fr-544 
607 
564-567 
561-564 
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Appendix El.' 

UKrORT OP Wl<. P* RICHARDS, 8Ul«VEYOR, ON SURVEYS AND OBSKRVATIONS, TUIKD 

DISTRICT. 



On October 20, 1890, a anrvey party for the purpose of snryeys and observatious iu 
liird District, Mississippi River was organized a ^ ' ^ ' 
During the year the following work was done. 

FIELD WORK. 



Hydroffraphio surveys have been made in the vicinity of Bolivar, Ashbrook Keck, 
Greenville, Mayersville, and Raleigh, in addition to ttie low-water survey of Lake 
Providence Reach. 

New shore lines showing changes in oavinff bends have been located in the vicinity 
of Bolivar, from Offutts to Greenville and from Carolina to Point Lookout (Lake 
Providence Reach). 

In all 80 miles of shore line have been located, one hundred and sixty ranges 
sounded, and twenty triangulation points established. 

DISCHARGE. 



Three sets of observations of low- water discharge was taken at Wilson Point, 
Louisiana. 

During the high water fifteen observations were made at Arkansas City and thirty- 
four at Wilson Point. 

The section used at Arkansas City intersects the Arkansas shore at the same point 
and the Mississippi shore at a point 100 feet below the section of last year. 

Stations were establish^ 900 feet apart, those next to shore being 100 feet from 
bank line. ' 

The steamer Meter was used in the work of holding a Price current meter at the 
stations. 

The meter was submerged six-tenths of the depth and was held by a small wire 
cable, having a lead of 23^ pounds attached. 

Soundings were taken with a ootton line, and each sounding located instrumeu- 
tally. 

At Wilson Point the same methods were observed. 

The section used was the same as that at low water, and is 100 feet above the sec- 
tion of the year previous. 

Results of field computations are here given. 



River discharge, ARseiseippi River (approximate results), Arkansas CiU/, Arkansas. 
[Width main river. 3,425 feet.] 



Date. 



Mar. 



9t. 

lot. 

llt- 

12:. 

13;. 

14: . 
lo:- 
1?:. 
18:. 

19;. 

2o:. 

21*. 

22;. 

23:- 
24:. 



Gauge.* 



-D^iitn. Differ- 



'I 



45.64 
45.80 
40. 08 
46.36 
46. 53 
46.65 
46.88 
46. 03 
47.00 
47. 13 
47.26 
47.34 
47.45 
47.40 
47.55 



+0.16 
+0.28 
+0.28 
+0.17 
+ 0.12 
+0.23 
+0.05 
-t-0.fl7 
+ 0.13 
+0.13 
+ 0.08 
+0.11 
+ 0.04 
+ 0.06 



Area 

100 

square 

feet. 



2,049 
2, 124' 
2,100 
2,174 
2,101 
2,170 
2.102 
2,203 
2,211 
2,201 
2,272 
2.245 
2,304 
2,309 
2,345 



Mean 
depth. 



Feet. 
59.8 
62.0 
61.3 
6:). 5 
64.0 
6:}. 4 
64.0 
64.3 
64.5 
64.3 
66.3 
65.6 
67.3 
67.4 
68.5 



+Soour, 
-fill, 

100 square 
feet. 



+66 
-83 
+04 
+11 
-25 
+15 

+ 5 
-14 
+66 
—29 
+55 

?4 



Mean 
Telocity 

second. 



Fe$L 
5.74 
6.73 
5.42 
5.21 
5.32 
5.36 
6.49 
5.49 
5.35 
5.26 
5.16 
5.34 
5.35 
5.26 
5.40 



Discharge. 1,000 cubic 
feet per seoond. 



River. 



1,177 

1,218 

1,139 

1,132 

1,165 

1,163 

1,204 

1,211 

1,183 

1, 157. 5 

1,171 

1,196 

1,233 

1,315 

1,266 



Over 
bank. 



2 

2 

3 

3 

3 

4 

4 

4 

4 

4.5 

5 

5 

5 

5 

5 



Total. 



1,179 
1.220 
1, U2 

1, lai 

1,16K 
1,167 
1,208 
1.215 
1,187 
1,182 
1.176 
1.2Q3 
1,238 
1,23U 
1.27U 



* Arkansas City gauge. 



t Meter U8c*il, Price No. 5. 



: Meter used. Price Ko. <L 
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Biver disdMrge, ARasiaHppi Biver, (appraximate results), Wilson Poinl, Louisiana. 

[Width. 3^780 feet.] 



Date. 



Gauge. 



Reading. 



Differ- 



Area 

100 

square 

feet. 



Mean 
depth. 



+ Soour, 

-iill, 

100 square 

feet, 



Mean 

velocity 

second. 



Discharge, 1,000 cubic 
feet per second. 



BiTer. 



£Lk. Tof L 



1801. 

Mar.27* 

28* 

80* • 

81* 

Apr. 1* 

2* 

3* 

4* 

6* 

7* 

8* 

10* 

11* 

13* r.... 

14* 

15* 

16* 

17* 

18* 

20* 

21* 

22* ., 

23* 

24* 

26* 

27* 

28* 

29* 

80* 

May 1* 

2t 

4t 

6t 

7t 



40.68 
40.74 
40.85 
40.88 
40.03 
40.08 
4L00 
40.90 
40.82 
40.70 
40.74 
40.61 
40.51 
40.30 
40.24 
40.17 
40.08 
40.01 
40.00 
89.02 
89.87 
89.86 
89.86 
89.86 
39.91 
40.04 
40.06 
40.01 
89.91 
89.78 
89.69 
80.01 
88.68 
87.24 



+008 
+0.11 
+0.04 
+0.04 
+0.05 
+0.02 
-0.10 
-0.08 
-0.03 
-0.05 
-0.13 
-0.10 
-0.21 
-0.06 
-0.07 
-4>.09 
-0.07 
-0.01 
-0.08 
—0.05 
^.01 



+0.05 
+0.18 
+0.02 
-O.06 
-0.10 
—0.18 
—0.19 
—a 68 
—0.88 
—1.89 



2,135 
2,177 
2,172 
2,218 



2,243 
2,219 
2,217 
2,230 
2,249 
2,267 
2,244 
2,288 
2,246 
2,229 
2,240 
2,245 
2,242 
2,231 
2,228 
2,240 
2,271 
2,308 
2,350 
2,352 
2,882 
2.828 
2,324 



2.241 
2,241 
2,217 
•2,219 
2,200 



Feit. 
56.2 
67.4 
Sf.3 
58.5 
58.9 
59.2 
58.5 
58.5 
58.8 
69.3 
50.8 
59.2 
60.2 
59.3 
58.8 
59.1 
50.2 
60.1 
58.9 
58.8 
60.1 
50.9 
60.8 
62.0 
62.1 
61.6 
6L4 
61.3 



50.1 
60.1 
58.5 
6&5 
67.9 



+89 
- 9 

+44, 

11 

-25 

+ 2 
+16 
+20 
+20 
-18 
+43 
-29 
-15 
+13 
+ 7 



-11 



+M 
+ 31 
+32 
+47 



-25 

— 5 

— 2 



Feet. 
5.77 

* 5.78 
5.86 
5.58 
5.62 
5.81 
2.50 
5.89 
5.66 
5.70 
5.47 
5.62 
5.48 
5.55 
5.62 
5.48 
5.40 
5.41 
5.24 
5.24 
5.25 
5.10 
5.13 
5.37 
4.91 
5.00 
5.01 
5.10 



1,232 
1,259 
1,273 
1,287 
1,256 
1,808 
1,824 
1,806 
1,262 
1,281 
1,289 
1,962 
1,260 
1,247 
1.253 
1,229 
1,282 
1,213 
1,160 
1,169 
1,176 
1,158 
1,181 
1,166 
1,154 
1,166 
1,168 
1,184 



+ 7 
— 2 
+16 
+84 



5.17 
5.15 
5.12 
4.96 
4.55 



1,158 
1,156 
1,136 
1,106 
909 



1,248 
1,278 
1,298 
1,258 
1,278 
1,325 
1.346 
1,328 
1,283 
1,801 
1,258 
1.280 
1,267 
1,264 
1,209 
1,245 
1,247 
1,228 
1,183 
1,183 
1,189 
1,171 
1,194 
1,179 
1,168 
1,181 
1.183 
1,199 



1,168 
1,162 
1,148 
1,111 
1,002 



* Meter nsed, Price Na 6. 
(Huge at seoUon referred to datom of Wilson Point Qtngb. 



t Meter used. Price No. 5. 



Diiduttrge mMMtrraMnto, Mississippi Biver, Wilson Point, Louisiana. 
[Width, 8,645 feet.] 





Gauge. 


Area. 


Mean 
depth. 


+Scour 
—Fill. 


Mean 

velocity 

per second. 




Date. 


Beading. 


Differ 
ence. 


Discharge 
peraecoiM. 


1800. 
I)eo.28* 


10.03 
0.03 
10.25 


-0.80 
—0.10 
+0.82 




Feet. 
21.5 
21.7 
SL6 


Squareft. 


Feet. 
3.328 
3,873 
3.334 


Outric/t. 
261,178 
266,805 
262,806 


29* 


+ 082 
-1.433. 


30* 





*Meter used, Price No. 5. 
OFFICK WORK. 



Maps have been plotted from the original notes and tracings made of the following 
surveys : 

Bolivar surveys, Greenville Bends, Bachelor Bend surveys, upper dikes in Green- 
ville Harbor, Hydro^aphic survey of Lake Providence Reach (low water), shore line 
survey of Lake Providence Reach (high water), and Raleigh survey. 



SfifiO REPORT OF THE CHIEF OF' ENGINEERS, H. 8. ARMY. 

Approximate results of discliarj^e observations taken at Arkansas City and Wi 
son Point have been computed by method of partial discharge^ the areas bein|^ hK 
taiued by taking depths at quarter stations. 

CAVING BENDB. 

Bolivar. — ^A shore-line survey was made in this vicinity in October, 1890, and a 
hydrographic survey in May, 1891. Botli surveys show caving to ex.iHt from tii- 
lower end of revetment work to Buck Ridge Landing, a distance of 1-J miles. About 
halfway between these points the caving is greatest, amounting to 700 fe«>!t iit :: 
years. 

Georgetoum Bend, — In this bend caving extends from Offutt to Ashbrook Point, i 
distance of 5 miles. Just below the new revetment the bank has recedeil ironi 3i*' 
to 400 feet during the past year, and Ashbrook Neck has been nairowed to 2,150 fe^r 

Rowdy Bend. — Caving continues from one-half mile below Gaines Landing to Poi'it 
Comfort, distance 5^ miles. 

In the sharpest part of the bend the river has approached 200 feet nearer to Paa- 
ther Forest Levee, and is now within 650 feet of tne levee. 

Miller Bend. — Very little change has taken place during the past year. At thr 
narrow part of Tarpley Neck the bank remains about the same. 

Spanish Mo9sBena.-^ii%t below Lin wood, and at small stretches along Point Cliici»t. 
has occurred some slight caving. 

Bachelor Bend. — Caving extends from 1 mile above Barnes Landing to Davie^ 
Street, Greenville; distance, 3 miles. In the vicinity of Barnes Landing the caviu,^ 
averages 300 feet a year. 

Just above Greenville the river has scoured out the bank behind the upper dike?*, 
the extent of the caving at places amounting to 900 feet. 

iMke Providence Reach. — On Island 89 and on Sarahs Island near the head of tLr 
reach, ca\'ing has been very slight duiing the past year. 

In Louisiana Bend most of the caving is taking plac^ 2 miles below Pilcher Point 
Lauding, where the change has been 600 feet the past year. On Island 92 oavini; 
ctnitinues, and the bank lines of Skipwith Towheaa are 1,000 feet farther iu tfa:ui 
tlie lines of the previous year. 

At Wilson Point, at Mayersville, and at Clover Hill caving has ceased. Just 1h^ 
low Homochitto Landing changes are going on, and much of the dike work at the 
head of the Baleshed system is oeing washed away. 

In the bend from Longwood to Providence, a distance of 4 milea, it continues to 
cave at the rate of 600 feet a year with the point of maximum caving moving dowu 
the river. 

At Shipland Point and at Ajax Bar changes have been ffreat; the latter has almost 
disappeared, and the current will soon be against the Louisiana shore in that lo- 
cality. 



Appendix E 2. 

REPORT OF MR. JOHN J. HOOPK8, ASSISTANT ENGINEER, ON DISCHASaX OBSERVA- 
TIONS AT ARKANSAS CITY. 

These observations from March 25 to May 12, are the continuation of a series be- 
gun by W. P. Richards, United States Surveyor, who was transferred to Wilson 
Point, La. 

The velocities were taken with current meter at 0.6 depth, and the revolutions in- 
dicated by a telegraphic sounder. 

Observations of 5 or more minutes were taken at each of 12 stations, and thf 
revolutions during each minute were recorded. The soundings for the cross section 
were instrumentally located. 

The width of the section was 3,127 feet. 

The steamer Fidalia was used in the work. 

METERS. 

Price meters Nos. 4, 5, and 6 were used. No. 4 was used on March 25, 26, and 27, 
while No. 5 was being repaired, and again on May 2, 4, 6, and 7, while No. 5 was 
being exchanged for No. 6. 

On May 4 an insulator was tfiken out of No. 4 so that revolutions instead of h«lf- 
revolutions were indicated l)y the sounder and the bearings were thoroughly cleaneil. 
The observations that followed were quite satisfactory, but the ratings and the uU- 
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servatious previously taken with it, were so discordant that no results are given for 
them in tabulated statements accompanying this report. 

No. 5 meter was used from March 28 to April 30, but as the result of the field com- 
putations showed a much larger discharge here than at Wilson Point, this meter was 
taken there and compared with and exchanged for No. 6, which had been in use 
there. 

The latter was received on May 7 and used to the end of the series. A direct com- 
parison was made between meters Nos. 5 and 6, on a section of the river near 
Greenville, on May 14, by placing both meters on the same cord 2 feet apart and 
counting their revolutions Amultaneously. Ei^ht observations of 5 minutes euch 
were made in which No. 6 made 0.01 less revolutions than No. 5. The positions were 
interchanged and seven more observations were then made over the same section 
and in these No. 6 made 0.09 more revolutions than No. 5. 

The values used in computing the discharge from the observations in which No. 5 
was used were obtained by a combination of ratings at various times by different 
observers, as given in the following table : 



Bftte. 


Authority. 


Naof 
observa- 

tiODB. 


Base. 


Rating. 


Placje. 






a 


h 




1890. 
Fob. 26 
Apr. 11 
1891. 
Jan. 19 
Mar. 28 


FredP.S 

FredP.S 

Wm.P.R 

J. .1. H 


24 
29 

32 

13 
14 
40 


200 
200 

200 
400 
400 
200 


3.705 
3.701 

3.772 
4.050 
4.130 
3.733 


.253 
.204 

.203 
.142 
.027 
.310 


Wilson Point 

....do 


Banning water. 
Still water. 


Greenville 

Huntington 

do 


Biinninc water. 
Still water 


Apr. 14 
May 3 


J.J.H 

W.P.Tl 


Do. 


Wilson Point, 
Louisiana. 


Do. 



The values of a and h in each were weighed by the product of the number of ob- 
servations by the length of base. 
This gives the value of ^=3.862-|-.197. 

OTHER SOURCES OF ERROR* 

To te-st the soundings made with cotton line, one-half of the section on April 25, 
and all except near the banks on the 27th and 28th, were also measured by drifting 
soundings with a 15-ponnd lead attached to a graduated piano wire and raised and 
lowered by a reel. 

The sections with the cotton line were as follows: 25th, 1.5 per cent, less; 27th, 
0.8 per cent, greater ; 28th, 0.3 per cent, greater. 

Surveys of the direction of the current were made on May 1 and 5 by floating a 14- 
foot rod submerged 12 feet and instrumentally determining its position when cross- 
ing range lines 255 feet above, and 308 feet below the discharge section. 

Each of these surveys showed 2 per cent, increase of velocity due to this cause. 
The lateral motion of the boat was estimated on May 9 and 12, and the computations 
from these figures showed a probable average of about 0.5 per cent., increase of veloc- 
ity due to this cause. 

The observations for station 2 were not taken at its proper location prior to April 
21, but this fact was disregarded in the first computations, thus making the discharge 
about .01 too great. A reduction of .02 was made in the velocities as an allowance 
for these various small errors. 

GAUGE READINGS. 



The gauge readings given are those of the standard gauge at the elevator on right 
bank 2,570 feet above trie discliarge section, and were read at the close of each ob- 
servation, the readings being immediately preceded by tlio soundings for the cross 
section. 

Other readings of this and other gauges were recorded, but are not given in this 
report. 

OVERFLOWED BANKS. 

In measuring the discharge over banks the velocities were measured with the meter 
and the distances by stadia measurements. 
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The widths of the section were: 



FM 



On right bank 2ft| 

On left bank via an old hnee 1,1*' 

The maximum discharge was about 8,000 cubic feet per second. 

AMOS BAYOU SaSCHARGB. 

The volume of water passing aroand the end of the levee at Amos Bayou as ob- 
tiiined by Assistant Engineer ToUinger, on March 28, was 5,000 eubio feet per second 
A table of the results of these observations is appended. 

Discharge ohservalions at Arkatuas Ciiff. 



Date. 



Gangea. 



Reading. 



Differ, 
enoe. 



Area, 

100 

BQuare 

feet 



+8ooar 

and --fill, 

1,000 

aquare 

feet. 



Mean 
velocity 

secofnd. 



Discharge, 1,000 cnbie ftd 
peraecond. 



KlTer 
cliannel. 



Over 
baaka. 



Total. 



1891. 

Mar. 25*.... 

20*.... 

27*.... 

5!8t.... 

30t.... 

31t.... 

Apr. U.... 

3t.... 

4t.... 

at.... 

7K... 
8t..-. 
9t.... 

lot.... 

lit.... 
18t.... 
lit.... 
15t.... 
l«t.... 
18t.... 

aot.... 

21t.... 
22t.... 
33t.... 
24t.... 
25t.... 
27t.... 
28t.... 
30t.... 
30t.... 
May 2*.... 

4*.... 

6*.... 

7*.... 

8J.... 

OJ... 

in... 
13:.... 



47.70 
47.72 
47.82 
47.84 
47.90 
48.02 
48.10 
48.16 
48.20 
48.19 
48. le 
48.10 
47.00 
47.90 
47.82 
47.69 
47.49 
47. 4S 
47.31 
47.24 
47.20 
47.17 
47.13 
47.10 
47.16 
47.29 
47.47 
47.42 
47.33 
47.15 
46.50 
45.62 
43.87 
43.00 
41.72 
40.53 
38.22 
37.05 



+0.02 
4-0.10 
+0.02 
+0.06 
+0.12 
+0.08 
+0.06 
+0.04 
—0.01 
-^.03 
-6.06 
-6.11 
—0.09 
—0.08 
—0.23 
—0.10 
—0.07 
—0.11 
—0.07 
—0.04 
—6.03 
—0.04 
—0.03 
+0.06 
+0.13 
+0.13 
—0.06 
—0.09 
—0.18 
—0.66 
—0.88 
—1.75 
—0.87 
—1.28 
—1.19 
—2.31 
—1.17 



2,867 
2,410 
2,367 
2,376 
2,360 
2,370 
2,362 
2,386 
2.372 
2,878 
2,401 
2,368 
2.346 
2,343 
2,860 
2,317 
2,349 
2.344 
2,365 
2,323 
2,326 
2,321 
2,288 
2,315 
2,320 
2,811 
2,256 
2,288 
2,200 
2,253 
2,240 
2,264 
2,141 
2,101 
2,080 
2,035 
1,981 
1.912 



FmL 



+18 
—18 
+06 
—10 
+U 
—16 
+66 
+84 
—40 
-10 
+01 
+13 
—33 
+36 
-03 
+16 
-30 
+05 
—03 
-83 
+28 
+03 
-14 
-62 
+35 
—25 
—01 
+09 

—63 

—10 
+22 
—04 
+ 25 
-29 



5.72 
5.73 
5.83 
6.67 
5.64 
5.64 
6.02 
6.67 
5.66 
6.76 
6.68 
6.49 
6.39 
6.47 
6.32 
5.38 
5.32 
5.23 
5.36 
5.23 
5.29 
5.29 
5.30 
5.41 
6.43 
6.29 
6.24 



4.88 
4.67 
4.66 
4.41 
4 23 
4.13 
4.10 



1,389 

1,368 
1,883 
1,839 
1,346 
1,338 
1,336 
1,361 
1,338 
1,348 
1,307 
1,295 
1,249 
1,286 
1,247 
1,207 
1,286 
1,216 
1,2U 
1,197 
1,225 
1,227 
1,225 
1,230 
1,342 
1,196 
1,181 



1,106 
1,000 
962 
917 
861 
818 
784 



1,» 
1,33 

i,3r 

1,« 
1,M 
1,» 

lh\ 

1,3K 
1,314 
LKI 
L3M 
LSK 
L£ 
IT. 
1,2« 
1,13 
1.3tf 
l/>! 
l.*i- 
1.51 
l.» 
l.ffl 
1,3« 
LP 



l,l(r 

l.Wl 

9G 

«r 

m 
m 
m 



* Metre ased, Price Ko. 4. 



t Metre need. Prioe Ko. 5. 



t Metre used, Piioe 17a «. 



Appendix E 3. 



ESTIBf ATE OF BIR. HENRY B. RICHARDSON; CHIEF STATE ENGINEER, LOUieiANA, W» 

leyke construction in louisiana from state link to warbknton. 

State of Louisiana, Board of State £ko£NKer8, 

Kew Orleans, June 5, 1891. 

Dear Sir: I herewith submit for your information the following list, which gi^ 

the approximate amount of work required to place the levee line aloag the Teo^ 

Front in Louisiana, between the Arkansas line and opposite Warrenton, on areuoo 

ably secure basis, viz, raising the grade of existing levees from the presoat land edge 
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of crown with a 3 tol slope to 3 feet above hich water of 1890, and giving an 8-foot 
crowui with a 3 to 1 slope on river side ; and constructing new levees where the 
present line is threatened hy caving river banks, to a grade of 3 feet above high 
water, with an 8-foot crown; and side slopes of (3 and 3) 6 to 1. 



Location. 



Iiongtb. 



Approxi- 
mato. 



Bemarks. 



Arkansas line to Piloher Point 

Ihinches'Bend 

Dnnches Bend to Wilson Point 

Wilson Point Levee 

Wilson Point to Lonffwood 

Long^ood to New ERon 

New Elton Levee 

New Elton to Hasaman 

Hagaman to Wylie 

Wylie to Point Xookoat 

Do 

New Concord Levee. 1881 

Point Lookout to Wilton 

WUton to Goodrich 

Goodrich to Pecan Grove Levee, new location 

Pecan Grove Levee of 1800 

Pecan Grove to Mascot 

Mascot to Omeaa Landing 

Omega to Milliken Bend 

Milliken Bond to Cabinteele, new location — 

Cubinteele to JeSties Landing 

Jeffries Landing to Elcho 

Elfho Levee 

Klcho to Delta 

Delta to Bedford 

Do 

Total 



FMt. 

29,900 

49,700 
9.530 
8,009 

27,080 
7,152 

18,500 

12,000 
8,600 
9,000 
19,400 
8,829 
27,600 
12,600 
18,500 

15,300 
24,350 
10,900 
10,800 

7,300 
21,900 
26,982 
18,500 

2,100 
17,400 

8,674 
35,213 



462.119 



OuHeyds. 
167,440 
300,000 



122,960 
19,301 



60,310 
88,540 



150,000 



227,000 



502,000 

25,600 
170,450 

40,600 
9,000 

47,000 
464,000 

35,000 

88,000 



12,743 
'366,066 



2, 795, 844 



Bepaiied, 1880. 
Bnllt in 1800. 



United States con- 
traot. 



Bepaired, 1800. 

District contract. 

Repaired, 1800. 
Caving banks, 
wave wash, 1801. 



Bepaiied, 1800. 
Caving banks. 

BnJlt in 1800. 
Kepaixed, 1800. 



87.5 miles. 

To increase the land side of present line to a uniform slope of 3 to 1 it will require 
about 700,000 cubic yards additional; and to add a 20-foot banquette on land side, 
witli its top 10 feet below grade line, it would require about 500,000 cubic yards. 

In this list I assume that the Elton Levee, now under contract by the United States 
Kugiueers, and the Concord Crevasse Levee, now under contract by the Fifth Lou- 
isiana l>evee District, are provided for. 

The Fifth District also has some stretches of raising and enlargement under con- 
tract, but at present we do not know of their financial ability to perform the work; 
so we consider them as required. 
Yours, most respectfully, 

Henry B.. Richardson, 

Chief Stute Engineer, 
Capt. CuRiis McD. Townsend, 

Corps of United Stuies Engineers, 



Appendix E 4. 

REPORT OF CAPTAIN WILLIAM T. ROSSBLL, CORPS OF ENGINEERS, UPON A LINE TO 
CONNECT ARKANSAS RIVER AND MISSISSIPPI RTVER LEVEES. 



United States Engineer Office, 

Men}phis, Tenn., July 15, 1889, 
General: I have the honor to submit the following report on a levee line to con- 
nect the Arkansas River system of levees with the Mississippi River system south of 
the Arkansas River. At a meeting of the Mississippi River Commission held on De- 
c(>mber 3, 1888, the following resolution was adopted: 
Judge Taylor moved the following: 

^^Besolvedf That Captain Rossell be directed to make a survey of a line of levees 
along the south bank of the Arkansas River to a point where it can be tied to the 
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nearest high landfi or joised to existing levees, and to report to the Comnussion h's» 
ludgment as to the value of such a line of levees as a means of lowering the flooii 
heights at the head of the Tensas Basin, with any facts within his knowledge bear- 
ing on that subject, the cost of the survey to be paid ont of the allotment for sur- 
veys, third district, made December 2. 1888." 
• Carried. 

The area in which this survey is 'to be made is called the ArkanBas Basin, and 
forms the lower part of the White and Arkansas Basin, which is described on th*- 
Commission map of the alluvial valley of the Mississippi River as extendin|[p fmn 
Helena to Arkansas City. Below Arkansas City the lowlands subject to overtilov 
are called the Tensas Basin. The dividing line' between these two basina is intletl- 
nite, and although from the map it would seem to be an east and west line throii^b 
Arkansas City, yet in building levees, and in many of the reports on levees, the line 
from the bank of Amos Bayou along the south line of Cypress Creek is spoken of ai 
the head of the Tensas Basin. I believe this resolution refers to this line, and it is 
to determine whether tlie building of the line of levees spoken of would reduce th«* 
flood plane at and strain on these levees that the survey was called for. My nnder- 
standmg of the resolution is as follows: That I am required to make a survey ftir 
the line of levees, and to report to the Commission my judgment as to the value of 
such a line as a measure of lowering the flood heights along the present levees from 
Amos Bayou to Arkansas City. If reference is made to the Commission map of the 
alluvial valley of the Mississippi River it will be seen that the lowland in which 
this levee stands is subject to overflows i¥om floods in the White, Arkansas, and 
Mi8slssip])i rivers. The area inclosed b<'tween the Arkansas River, Mississippi 
River, the lowlands, and the levee is about 250 square miles. This area is drained 
during the lower stages of the river by the Arkansas River along its northern bor- 
der, and Cypress Creek along its southern border. During the overflow of 1887, the 
only one that has come under my own eye in which the swamp was well filled, the 
water reached its highest level near where the levee crosses Boggy Bayou, and then 
flowed in both directions, part into the Mississippi through Cypress Creel:, and 
part overflowing the banks of Amos Bayou flowed down through the back hayoos 
and lakes into Red River. It may here be remarked that the 1887 flood was the 
highest on record along the Opossum Fork Levee. 

The overflows of 1887 and 1888 are the only ones that have occurred since I have 
been in charge of the district, and in both cases no great trouble was caused by the 
Arkansas River. 

A great rise coming out of this river during a flood from the Mississippi w^oald 
make changes which, however, I believe can be predicted with some certainty. 
During the overflows of 1887 and 1888 the water began rising against the levee as 
soon as the Mississippi got out of its banks, but Cypress Creek carried off this w^ater 
so fast that the rate of rising along the levee was about one-half what it was in the 
main river. As the flood increas^. Cypress Creek became gorged, and the water 
along the levee rose more and more rapidly, reaching at one time twice the rate in 
the main river. As the wave reached its crest in the main river this ratio decreased. 
and finally the water reached its greatest height along the levee and in the main 
river aIniOHt at the same time. The flood of 1887 reached 46.65 feet on the Arkansac* 
(Uty gauge, and in 1888, 45.2 feet. This diff^erence, about 1^ feet, represents the dif- 
ference© ill the main river, yet along the upper part of this levee tke difference in 
these years was 8| feet. Had the Arkansas River poured out a great flood at the 
time of the Mississippi River overflow in 1887, it would seem probable that Amoe 
Bayou would have been filled up, and the summit level of the water would 
have l)een higher and farther inland than Boggy Bayou at the levee crossing. The I ] 
Arkansas River is subject to sudden and violent rises coming at nearly all seasons of 1., 
the year, yet in the majority of overflows the Mississippi River is the controlling 
clement. This being so, to get the best effect from a line of levees connecting with 
the Arkansas River system, the line should connect with the presei^t Mississippi 
River system nearer the Mississippi River than the Boggy Bayou crossing. The 
above facts were known before any survey was made, and an examination showed 
that no line could be built connecting the Arkansas River levees with high land 
that would have any effect in this way. The question then reduces itself to survey- 
ing a line to connect the Arkansas River and the Mississippi River systems of leve^. 
the point of junction being no farther fl:om the Mississippi River than the present 
Boggy Bayou crossing. An examination of the map will show that this can not b*- 
done without crossing Cypress Creek, and thereby destroying the drainage of a co«i- 
siderable part of the low land lyin^ between it and the Arkansas River. Still, I 
believe that a line of levees terminating on the north bank of Cypress Creek would 
fill the spirit of the resolution, and ordered the survey made. The nearer to the 
Mississippi River this junction of creek and hnoe is made the greater win be the 
effect in lowering the flood plane along the Opossum Fork Levee. At the time of 
the passage of this resolution all levee work was being pushed as rapidly as po»< 
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sible, and high water miffht be expected at any time. For this reason the snrvey 
was pnt off. On March iS, 1889, steps were taken to organize and put into the field 
a survey partv. The survey was intrnsted to Assistant Engineer Henry Goodrich, 
and field work began on April 10, 1889, and was finished May 17, 1889. Since this 
time the calculations have oeen made and other work done. The survey was care- 
fully made, and I believe the estimates can be relied on for making contracts should 
the work be ordered by the Commission. 

The lines of levees surveyed were two, which for convenience are called the front 
line and the swamp line. The front line begins about 18 miles above the moutli of 
the Arkansas River near Yancopin plantation, and follows near the river for a dis- 
tance of nearly 16 miles. It then leaves the Arkansas River and crossing the neck 
of Caulks Point, comes out on the bank of Cypress Creek near its moutli. The 
swamp line starts at the same place, but leaves the Arkansas River levees about 11 
miles from the starting point, crosses the swamp, and conies out on the bank of 
Cypress Creek near the Boggy Bayou crossing. Ahove the starting point the Arkan- 
sas River levees are said to be in good condition for about 25 miles. As there was 
no reliable data to be obtained as to the high water along this line, mud marks were 
used. To determine the highest points on the trees thus marked, 'the bank was 
out into and careful examination made for traces of sand and sediment left by past 
floods. The grade of the levee ^os then placed 3^ feet above this. On closing with 
the present Opossum Fork Levee, it was found that the grade agreed closely with 
the grade ordered by the Commission for this levee, viz, 3 feet above the hii;he.st 
known high water. The cross section assumed is 8 feet crown and one-third slopes 
front and rear. The estimates for the two liues are as follows: 

Front line, 1,621,198 cubic yards, at 20 cents $324,239.60 

Swampline, 1,249,800 cubic yards, at 20 cents 249,960.00 

I am of the opinion that the building of the swamp line will have but little effect 
in lowering the flood line along the Opossum Fork Levee, except in years where the 
Mississippi River overflow is augmented by a great flood from the Arkansas River, 
and in this case perhaps a maximum effect of 2 foot might be obtained. However, 
this line of levee might be effective in lowering the flood line along Amos Bayou 
from the end of the Opossum Fork Levee to the high land. I am of the opinion that 
. this is not a matter of great importance, as, with the Tensas Basin closed below, 
the bayous and lakes back of the river can take care of all the water flowing through 
Amos Bayou. 

I am of the opinion that the building of the front line will lower the flood line 
along all of the Opossum Fork Levee from Lucca Landing, near the mouth of Cypress 
Creek, to the high land. The water along the levee will then be merely water backed 
up Cypress Creek, and can nowhere reach a higher stage than at the mouth of the 
creek. In the flood of 1887, the high-water line would have been reduced near 
Boggy Bayou crossing nearly 4^ feet had this front line been in existence. 

I am not required to examine into any other question than the eflect of the build- 
ing of this line in lowering of the flood line along the head of the Tensas Basin, and 
have consequently confined myself to it. 

Very respectfully, your obedient servant, • 

Wm. T. Rossell, 

Captain of EiKjineers, 

Gen. C. B. Comstock, 

Ciyrps of Engineers, U. S. A,, 

Preaidemt Mississippi River Commission. 



Appendix F. 

report of first lieutenant john millis^ corps of engineers) upon opera- 
tions in the fourth district. 

United States Engineer Office, 

New Orleans, La» 
Sir: I have the honor to submit the following? report upon the works in charge of 
this office under the Mississippi River Commission for the year ending June 30, 1891 : 
In obedience to Special Orders, No. 202, dated Headquarters of the Army, A. G. O., 
August 29, 1890, I reported here for duty on October 11, 1890, and Capt. l)an C. 
Kingman, Corps of Engineers, U. S. Army, whom I was ordered to relieve, after vis- 
iting with me all the various works of tlie district, left for his new station on No- 
vember 4, 1890. 

ENO 91 230 
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IMPROVEMENT OF THE MISSISSIPPI RIVER AT NATCHEZ, MISSISSIPPI, AKD VIDiUi 

LOUISIANA. 

ITie project for this improvement, which was adopted after the transfer of t> 
work to the Mississippi River Commission, contemplated the protection of car.Ti. 
banks by submerged sloping spur dikes and the construction of a levee to pzi* rr^; 
the flow of water at hisn stages of the river across the narrow neck above Natcht: 

The estimated cost of this work was $760,000. 

No construction work was ever done under this project owing to insufficient fun-K 

At its meeting of November 26, 1^0, the Commission directed that a resurvt-y. 
the bank line in the vicinity of Natchez be made extending from the head of (^n^- 
Bond to Just below Vidalia, thtit three or four typical cross sections be sounded n^fi 
the apex of each bend, that a line of levols be run across the narrow neck betw^^ 
Giles aud Cowpeu bends, and that a rrp<irt be submitted to the president uf tl- 
Commission showing what improvement h are rerjuired in this vicinity. 

For making this survey the n<lditional huui of $1,500 was allotted/ and there wa* 
on hand at the time unexpended a balance from previous allotment of $6^.65. 

The survey has been completed and the report submitted as directed by the Vos-- 
mission. 

IMPROVING MISSISSIPPI RIVER AT NATCHEZ AND VIDAUA, MISSISSIPPI A3iD Uni^ 

I AN A. 

Money statmient, 

July 1, 1890, balance unexpended — $675. •T 

June 30, 1891, amount expended during fiscal year 6^.^■ 



i Amount that can be profitably expended in fiscal year ending June 30, 1893 250, 000. it 
< Submitted in compliance with requirements of sections 2 of river and 
( harbor acts of 1866 and 1867. 

WOUKS OK IMPROVKMKNT AT THK .lUNCTION OK THK MISSISSIPPI, RBD, AN1> ATCIIA- 
FALAYA RIVKRS, LOUISIANA. 

RECTIFICATION OF TIIE RED AND ATCIIAFALAYA. 

ITie conditions of the river channels in this vicinity are somewhat jMsculiar an.! 
confusing. In the following brief description the terms used differ in some respects 
from those employed in previous reports, in order to conform more nearly to tii^ 
present state of afiairs aud M'ith the object of making the situation clearer to pt-r* 
sons unfamiliar with the locality as it is at present or with the conditions as tbi) 
existed in former times. 

The Red and Atchafaiaya may now be regarded as constituting really one riTer, 
which for the purposes of this description will be called the Bed-Atckaf^Utya, h 
the vicinity under consideration this river has a general direction parallel to that of 
the Mississippi, and apiiroaches it at Turnbnll Island on the western shore to withk 
a distance of about 6 miles. This point of near approach to the Mississippi ifi ^ 
the point of division between that part of the first-mentioned river which is usaallT 
called the Red and that ^lart to which the name Atchafaiaya is applied. At Tonbnli 
Island there is a connecting link between the Mississippi and tne Red-Atchafalayi 
which is known by the general name of Old River. This connection starts from thf 
Mississippi about a mile above Red River Landing, at a point wfai<^ is aometimrs 
referred to as the *' Mouth of Red River," and divides into two parts or branches 8lK»»l 
1^ mile from the MisKissippi. One branch, called Lower Old River, goes direct t« 
the Red-Atchafalaya south of Tunibull Island, aud the other, called Upper Old Bivtrr. 
passes around the north side of the island and also unites with tlie Ked-Atchafa1a)» 
2 miles above the point where Lower Old River comes in ; but before reaching th^ 
Red-Atchafalaya the Upper Old River subdivides at a point about If miles from if* 
western end into three smaller branches called 8traignt Chute, Middle Chute, an<l 
Sugar House Chute, respectively. 

The channel distance from the Mississippi through Lower Old River to ^^^^ 
Atchafaiaya is about 7 miles, and by way of Upper Old River the distance would w 
about 9 miles. 

TurnbuU Island was formerly a long neck or peninsula of land in a bend of «'<' 
Mis8i8sii)pi and on the eastern bank, and the island was formed by a cat-off inten- 
tionally made in Ihol witli a view to channel improvement. The connecting brancn<* 
just described as well as that portion of the Red-Atchafalaya included Iwtwtn*^ 



1 

) 
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their western extremities, now occupy, althongh they hy no means fill, an old hed 
of the Mississippi River; hence the term "Old River." 

This description is not absolutely correct for all stages of the water, since in low 
water the bed of Upper Old River is dry and the same is occasionally true at certain 
points in Lower Old Kiver, as will be referred to later on ; while during flood a good 
portion of the surrounding country, being low and unprotected by levees, is under 
water. 

Under favorable conditions Lower Old River constitutes a navigable connection 
between the Mississippi and the Red-Atchafalaya, and accommodates a very impor- 
tant river commerce, but the conditions are at present subject to such changes as to 
cause at times serious deterioration and even complete interruption of this connect- 
ing link between these two great river systems. 

In order to properly maintain a navigable depth in any sediment-bearing water 
vfihj of considerable length a current is manifestly essential, since without a flow of 
the water of sufficient velocity to keep the channel jclear a deposit of sediment and 
filling up of the water way will occur. 

The direction and force of the current in the branches of Old River will evidently 
depend upon the relative heishtof the water in the Red-Atchafalaya and Mississippi, 
and according as the one or the other of these two rivers happens to be the higher, 
or as they are both at the same level, the current through Old River is towards the 
east, towards the west, or is nil. In the first case there is a greater or less discharge 
from the Red-Atchafalaya system into the Mississippi; or otherwise stated, Red 
River proper has then two outlets or branches, one through the Atchafalaya and one 
into the Mississippi, while the discharge of the Mississippi is confined entirely to 
its own channel. 

In the second case the discharge of the Red-Atchafalaya is confined to its own 
channel, while a portion of the water of the Mississippi is diverted from that river 
and passes down the Atchafalaya. 

In the third case the two river systems are independent so far as their diBcharge 
is concerned, and the conditions of discharge are then practically the same as would 
be the case if no connection existed. 

During floods the state of affairs as above described has often been ^eatly modified 
by the giving way of the levees on the Tensas Front of the Mississippi River and else- 
where, out the levee system on the Mississippi has now been so far completed that 
this element of * complication may be regarded as practically removed from the 
problem. 

The condition of absolutely no . current in the connecting link is comparatively 
rare, but the current is frequently so slight that sufficient deposit occurs to seriously 
interfere with navigation, and during the low- water season the connection has at 
times entirely been severed. Moreover the unfavorable conditions are aggravated 
no doubt by the division of the connecting channel, since when a current does exist 
at medium and high stages the effect in clearing out the channel is weakened by 
this division. 

The value of the commerce of the entire Red-Atchafalaya system was estimated in 
1887 to be about $40,000,000 annually. For the low-water period, during which the 
difficulty in Old River occurs, the mileage of navigable river is of course greatly 
reduced, but even then a temporary interruption of this connection with the Mis- 
sissippi is a serious damage since the system haA no practicable outlet of its own, 
and no other connection with the Mississippi system, while the permanent closure of 
the connection would involve a loss to commercial interests and to the community 
in general which would justify a very large expenditure to prevent. 

The general object of the works of improvement now in progress is to rectify the 
defects above outlined, and it is proposed to effect this by causing a separation of 
the Red from the Atchafalaya at TumbuU Island for all stages of these rivers below 
medium low water (about 10 feet above extreme low water), making the Red a proper 
tributary to the Mississippi when it is at or below this stage, while the Atchafalaya 
becomes at the same time an outlet or ''diffluenf of the Mississippi. The plan also 
contemplates preventing any further enlargement of the Atchafalaya or any detri- 
lueutal effect on the channel of the Mississippi due to the action of the Atchafalava 
a8 an outlet or diffiuent stream, and the whole work is designed to have no material 
effect on the high-water regime of the various rivers involved^ and to produce no 
greater danger of injury to property from overflow than now exists. 

This general project contemplates the following work: A series of low relief dams 
or sills not to exceed 6 in number, to be built in tie Atchafalaya proper at intervals 
of about a quarter of a mile. These dams to be located below the mouth of Bayou 
Des Glaise, near Simmsport, about 5 miles below Turnbull Island. These dams are 
designed to prevent furtlier enlargement of the Atchafalaya and to limit its discharge 
capacity. They are to be built up of successive layers of mattresses made of willow 
brash and timber, ballasted with stone and intervening layers of mixed gravel and 
clay. The foot mattress to have a width up and down stream of about 300 feet, and 
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the mazimnm depth over the creet of the dam to be about 7 feet at extreme lov 
water. The high-water discharge over these dams is intended to be equal to the 
flood discharee of Red River proper, or about 200.000 cubic feet per second. 

A dam is also to be bnilt across the river from the west side of Tambnll Island to 
the main land. This dam to be constmcted of sncceesive layers of willow and tim- 
ber mattresses with stone ballast, its crest to be about 10 feet above low water and 
its top and side slopes to be heavily paved with rock. The foot mattress has a maii- 
mum width up and down stream of 280 feet. The total length of the dam proper ib 
1,125 feet, and of the shore-protecting mattresses about 2,700 feet. The maxuDBm 
height of the dam is 27 feet. 

TxnB dam effects the separation of the Red firom the Atchafalaya at all stages of 
the water below the level of its crest and deflects Red River through Sagar-Honst 
Chute and Upper Old River. To complete the separation of the Red lirom the Atcha- 
falaya a canal is to be cut from Upper Old River across Carr Point to the Mi&6is- 
sippi, and a dam or obstruction is to be built to close Upper Old River below tbe 
canal at some point opposite the eastern end of Turn bull Island. 

To secure a navigable channel through Upper Old River it is to be deepened by 
dredging or otherwise, as may be found most expedient. 

During the process of the above work an attempt is to be made to temporaxily 
maintain navigation through Lower Old River by dredging, washing the bottom 
with steam tugs, or by other expedients. 

Up to the time of the last Annual Report the following work had been aceompliahed: 

Two of the sill dams'ln the Atchafalaya, Nos. 1 and 3, had been completed and the 
sill or foot mattress and shore prot-ection of the dam at the head of Tumbull Island, 
usually referred to as the Red River Dam, had been completed. The tempera^ work 
of dredging, scouring, etc., to keep the channel in Lower Old River open during low 
water, had also been resorted to with more or less success whenever necessary. 

There had been expended on the work up to that date since its charge was sssimied 
by the Mississippi River Commission the sum of $413,768.57, but the improvement 
had not reached such a stage as to have any direct efl^ect in increasing tlie depth in 
Lower Old River, the immediate object of the portion of the work first undertaken 
being to check farther deterioration of that channel. 

At the beginning of the year the value of material for construction on hand van 
$22,68K2.82, and there was a balance from former appropriation of $23,731.63. 

Repairs to the plant were then in progress. They were complete earlv in the 
season, and the first work undertaken was dredging in Lower Old River to keep the 
channel open during low water. Though the water went down to 2-^ feet for a few 
days in August, the channel was not closed entirely at any time during the season. 
6 steamers having passed through at the lowest sta^e, but they required the aid of 
barges belonging to the fleet which were used as lighters, so it can hardly be said 
that a navigable channel was maintained, though the interruption was of only a fev 
days' duration. 

An allotment of $225,000 was made for this work from the appropriation of Sep- 
tember 19, 1890, and in obedience to instructions from the president of the Conimiv 
sion the following project was submitted for continuing the improvement on Novem- 
ber 19, 1890: 

''It is proposed to continue the construction of the dam across Red River ami ti> 
carry this work as far as posHible without interrupting navigation. 

" It is also proposed to begin the cut across Carr Point as soon as practicable', 
and to do this work by dredges working at both ends and a land force working slon;; 
the whole length of the cut. 

'' It is expected that the dam will be completed during the comine season of faigli 
water, and it is proposed to deepen the best channel in the Upper Ola River, througli 
Sugar-House Chute, by dredging so that it will become the outlet of Red River actl 
a navigable channel during the coming low- water season. 

" In case the cut is not opened by the time of the next low-water season, and it i^ 
not probable that it will be, it is proposed to establish and maintain navigable cout- 
inunication between the Mississippi and Red Rivers till the cut is completed by 
Kuch dredging as may be necessary between the upper end of the cut and the Missis- 
sippi River. 

''After the completion of the out the Upper Old River will be obstructed belov 
the ]D^per end of cut. 

''The caving banks have caused some injury to the shore protection of the com- 
pleted dams in the Atchafalaya River, which should be repaired. 

" After the completion of tne above, it is proposed to construct Sill and l>ain No. 
6 in the Atchafalaya River with the fnn<l8 that may be available." 

At its meeting of November 27, 1890, the Commission approved the above project 
with moclificationR, as follows: 

That a navigable channel be secured north of Turnbull Island before the Bed 
River Dam is raised above the second tier of cribs. 
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That the second tier be covered with a layer of stone. 

That the x>ortion of the tJiird tier of cribs already built be used at the two ends 
of the dam. 

That the dred^ng of Upper Old River be undertaken as soon as practicable and 
carried to completion before any dredging work is commenced on the canal through 
Carr Point. 

That the approval of the project for Atchafalaya Sill and Dam No. 6 be iK>stponed 
until a subsequent meeting of the Commission. 

In pursuance of the above, work on the Red River Dam which had already been 
begun was continued and preparations made for undertaking dredging in Upper Old 
River. Needed alterations and repairs were made to the dredge Fak-Vte, and a lar- 
ger dredge of the same character (Menge patent), called the Menge, was borrowed 
i^om the plant of the third district. This dredge also required extensive repairs and 
alterations. 

Dredging was begun on December 4, 1890, and continued with several interrup- 
tions until February 2, 18dl, when operations were suspended for the season on ac- 
count of high water. The work done was mostly in the shallowest part of Upper 
Old River, just beyond the point where it divides into the three chutes, and near the 
lower end of Turn bull Island. This work was prosecuted under rather discouraging 
conditions and very little was accomplished. The material in the bed of Upper Old 
River is a very soft mud, as was found by examinations made throughout its whole 
length, and when brought up by the dredge much of it was in a semiliqnid condi- 
tion. The buckets of the dredge not being water-tight much of the material ran out 
of them as they came above the water, and the dump scows had to be altered to hold 
it. When discharged on the.side of the dredge it ran back into the excavation, and 
there was ultimately very little greater depth where the dredges worked than before. 
The natural forces at work to dose this channel are believed to be far more effect- 
ive than any efforts it has been practicable to make to produce the opposite result. 

At the meeting of March 20, loRl, the commission directed that the Red River Dam 
be raised to a height of 6 feet above low water, or to such less height as might be 
deemed necessary by the officer in charge to create a current through Sugar-House 
Chute sufficient to remove solid matter in suspension ; that with the aid of such cur- 
rent the excavation of Sugar-House Chute be undertaken by stirring, scraping, lift- 
ing in buckets, lifting by pumps, or otherwise, as might be found most expedient ; 
that all excavation at Carr Point be for the present deferred; and that brush be 
substituted for clay and gravel in the Red River Dam. 

Dredging was resumed accordingly as soon as the water fell snfficiently,and is now 
in progress, the material being towed away and dumped, so far as the'number and 
capacity of the dump scows available will permit, and the remainder of the material 
dredged being run off at one side through a long chute. 

The rapid mil of the Mississippi and unusual floods in the Upper Red River re- 
sulted in a very strong current through Old River, which has now continued for 
several days, and the Mississippi has a decidedly red color at New Orleans. It is 
hoped that these conditions may assist in producing more noticeable effects from the 
dredging. 

For use in keeping Lower Old River open during low water, where the material to 
be moved is more stable, it is believed tnat the dredging plant now on hand, as re- 
cently altered and improved, will prove very efficient. 

When work on the Red River Dam was stopped by high water, the first and second 
tiers of cribs had been sunk for a length of 210 feet from the eastern end of the dam. 
The cribs for completing this tier were moored to the bank, and so remained during 
high water. Preparations for sinking them are now in progress. The completion 
of this course will bring the top of the dam up to a general grade of 1 to 3 feet below 
low water, provided no further settling occurs. The greatest settling noticed after 
sinking of cribs was finished last season was about 7 feet at one point, but this ib 
probably attributable in part to compression of the structure itself, and not wholly 
or perhaps not at all to subsidence of the river bottom, since a large amount of rock 
was deposited on the dam after the last cribs were sunk. 

The line of the proposed Carr Point Canal was surveyed and negotiations entered 
into with the owner ior purchase of the necessary land. Approval of the purchase 
of 142. 5 acres for the sum of $500, was received from the Chief of Engineers, but no 
further action was taken, since the opening of this canal will depend upon progre^ 
made with other parts of the work. With the consent of the owner experiments 
were made with the dredges at the western end of the proposed canal to determine 
whether they could be used to advantage in opening the canal. Considerable diffi- 
culty was encountered from the stumps of trees wmch ran down to a depth of 20 
feet, but in the main the experiments were satisfactorjr. 

Caving of the banks has continued to some extent in iihe vicinity of the Atcha- 
falaya sill dams, and certain repairs have been made to the shore protection at both 
silla. 
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Daring the high water several leaks appeared in the levee built by the United 
States in connection with these works of improvement at Simmsport and they wen 
stopped by throwing in earth on the river Slope of the embankment. 

In addition to the local survey of Carr Point Canal, a topographical survey was 
previously made of the entire point and of a portion of Tumbuli Island oppwntc. 
Kesurveys were made of the Atchafalaya Reach in the vicinity of the sill dams aad 
of a portion of TumbuU Island at the end of Red River Dam. Drift soundings were 
recontly taken in Red River above and below the dam and in the Atchafalaya. 

Serious inconvenience has been experienced in the conduct of this work^ owing to 
its being situated in an isolated locality with the nearest telegraph and railroft<l 
station 30 miles distant. Labor is very difficult to procure at any price during tLt 
summer, and at any season the expense of conducting the work is necessarily greater 
than would be the cajie were the Kurroun dings more inviting. This bein^ the odIv 
I available place under control of the Government in that part of the district for iht 
storage or tools and materials used during floods for work on the levees, the incon- 
venience of the lack of facilities for communication was most emphatically demon- 
strated during the last high water, and recommendation was accordingly made and 
approved for the construction of a telephone line to connect the works with West 
Melville, the nearest station on the Texas and Pacific Railroad. This line is nov 
bein^ erected, and in addition to its usefulness during high water it will greatly 
facilitate the direction of the regular work. 

ROCK QtTARRT. 

Therockfor the Red and Atchafalaya improvementd. as well as for the iroproTe- 
ment at Plaquemine, La., which is in charge of this office, but not under direction 
of the Mississippi River Commission, has been obt&ined from quarries near Harrison- 
burg, La., on tne Ouachita River, about 80 miles from Tumbuli Island. 

A quarter boat with men and tools were sent up and work begun on November 5, 
1890, at Harrisonburg. By February 15, 1891, all the rock that could be advanta- 
geously procured here had been taken out and the force was moved to a new quarry 
which had not been previously worked on Rawson Creek, a tributary of the Ouachita, 
which comes in about 5 miles above Harrinonburg. Here a very thick l^jj© o^ ^^* 
cellent rock was found, and the force continued working it until May 23, 1^1, when 
it was necessary to move out on account of falling river. This quarry seems to be 
capable of supplying a large amount of rock, but its location is objectionable since 
it IS 3 miles up the creek, which is veiy narrow and crooked and only navigable in 
hi eh water. 

A transfer was then made to quarries previously worked on Gaster Creek^ where a 
considerable amount of rock that had been quarried the season before waa removed 
and more quarried out. When the stage of the river compelled the abandonment 
of this place a new q^uarry was opened on BcDuf River, about a mile above its junc- 
tion with the Ouachita. This quarry promises a considerable supply and the plt^^ 
can be reached more easily and at a lower stage of the river than the Rawson Creek 
quarry. 

In order to facilitate operations a steam drill was ordered toward the latter part 
of the season, but the river fell so rapidly that by the time the drill arrived it wtf 
not expedient to put it in operation this season. 

In all 16,306 tons of rock have been taken out this season, of which 5,192.1 tone 
have been delivered at Plaquemine, 3,952 tons used on the Red River Dam, and7,lfi2 
tons placed on the bank at TumbuU Island, making 11,114 tons delivered for the 
Red and Atchafalaya works. 

Of course the expense of the quarry is borne nroportionally by the Red and Atcha- 
falaya and the Plaquemine appropriations. Tne average cost of rock delivered at 
TiirnbuU Island was $1,918 per ton. • 

The approximate value of material for construction on hand at Tumbuli Island is 
$49,175.33. 

The work recommended for the ensuing year is the opening of the Carr Point 
Canal, obstructing Lower Old River, and completion of Red River Dam, and it is 
estimated that $350,000 can be profitably expended. 

This work has been under the immediate charge of Assistant Engineer W. 6. 
Price, assisted since December 5, 1890, by Assistant Engineer G. Ed. Mott 
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IMPROVING MISSISSIPPI RIVBR (NO LIMIT). — ^RECTIFICATION OF RED AND ATCHA- 

FALAYA RIVERS. 

Money statement. 

July 1, 1890, balance unexpended $23,731.63 

Amount appropriated by act approved September 19, 1890 225, 000. 00 

248, 731. 63 
June 30, 1891, amount expended during fiscal year 101, 622. 35 

July 1, 1891, balance unexpended 147,109.28 

C Amount that can beprofitably expended in fiscal ycar«*nilinj< Jujie:W, 1893 350, 000. 00 
< Submitted in compliance with requiremeute of set-tions 2 of river and 
( harbor acts of 1866 and 1867. 

NE\Y ORLEANS HARBOR. 

The citjr of New Orleans, with its various suburbs, lies on both banks of the Mis- 
sissippi River at a distance inland of 104 miles f^om the South Pass. This pass is 
the onlj^ one of the numerous mouths of the river having sufficient depth of water 
to ailmit seagoing vessels of deep draft, and it therefore is the entrance f^om seiL- 
ward to the Mississippi River and the harbor of New Orleans. The city is the me- 
tropolis of the South, and besides being the most important seaport on the Gulf of 
Mexico, ranking seventh among the ports of the United States in the value of its 
imports, while m the value of exports it is only exceeded by New York City ; it also 
ranks first among the towns on the Mississippi in the commercial importance of its 
river traffic. 

New Orleans Harbor as at present developed consists solely of a length of about 
13 miles of the Mississippi River, which here has an average width of about 2,200 
feet, and it comprises four comparatively straight reaches of various lengths and 
four curves or bends, two of these bends, the one at Algiers Point and the one at 
C-arroUton bein^ quite abrupt. The depth of the river is in general ample for the 
purposes of navigation. 

The entire country in the vicinity is of alluvial formation and is consequently low 
and fiat, being highest along the river bank and having a gentle slope back toward 
the Hwamps. During floods the river reaches a height of 5 or 6 feet above the high- 
est ground in the city, and the levees, which are essential for the prevention of over- 
flow, are as a rule necessarily built close to the river bank in order to meet the 
requirements of the various interests along the water front. 

As in other river harbors the construction of regular docks or slips and piers is as 
a rule impracticable, owing to the variation in heiirht of the water, the unstable na- 
ture of the banks, tie swift current, and the deposition of silt. The water front is 
occupied principally by continuous wharves, to which vessels must moor alongside ; 
and since there are no good anchorage grounds, owing to the current and the great 
deptli of water, the conditions generally in the harbor are such as to require an uuu- 
Bual development of water front to accommodate a given amount of shipping. 

Although the condition of the river and of its banks below Baton Rouge is one of 
coin))arative stability, when contrasted with the extraordinary changes which ol^en 
occur above, the damage that results from even slight changes of the river in a port 
like New Orleans becomes serious. In general the action of the river is to undermine, 
cut away, and cause caving or sliding down of the banks on the concave shore at the 
bends and for some distance below them, resulting in the destruction of wharves, 
levees, streets, and sometimes of sheds and buildings^ \Miere this action occurs on 
one bank a deposit of sediment and consequent shoaling and damage to the water 
front on the opposite shore usually takes place also, lii certain localities in tlio 
straight reaches similar destructive effects have been produced by the caving of the 
banks, due to the weight of masses of sediment deposited during high water, which, 
when deprived by the fallinj^ river of the support which the water afforded durir.g 
flood time, causes large portions of the bank to crack off and slide down. This ac- 
tion usually takes place only during falling water, but the destruetive effects in the 
bends ^oes on to a greater or less extent at all stages of the water, and in addition 
to the immediate damage on the water front there is the danger of much more serious 
disaster resulting from the breaking of the levee during high water, and flooding 
the city. ' 

The object of the works of improvement \n New Orleans Harbor is to check and 
if possible prevent the detrimental action of the river, as above described, and to 
maintain the river bed and banks in a condition of permanency. 
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Under the approved project the ^'ork now in progress to accompliBh the abor* 
objects oonsista in the construction of submerged inclined spnr dikes along^ the esr- 
iiiji^ hanks; which extend out normally to the bank line at intexrals of from 500 t^ 
1,600 feet. 

Each spur dike rests on a wide mattress made of willows, brush, and timber^ -whirh 
is sunk in place by bein^^ loaded with stone, and which is intenaed to prevent moy 
scouring action on the river bottom by eddies or local onnents which may he pra- 
duced by the dike. On this mattress the dike is built up by sinkinf anooefisiT'e 
layers of mattresses or cribs of diminishing widths, the construcrbion of which is sim- 
ilar to that of the first mattress except that they are made thieker. The wo^k ia m 
planned that the top of the completed dike at the shore end will be below low water 
line, and the crest of the dike has an approximately regular slope of about 3 hoari- 
zontal to 1 vertical, its outer end resting on the river bottom in deep water. In the 
vicinity of wharves and docks the crest of the dike is placed low enon^ ao it will 
not interfere with vessels, but in other localities the crest has be^i c<mtinoed vp to | 
and united with the crest of the levee or the bank by an earth embankment paved t 
with stone. j 

These structures are designed to check the velocitv of the current along the shore j 
and thus diminish the erosion and caving of the bank and cause deposit of sediment > 
and the restoration of the bank line. 

In certain localities their direct effect in bracing up the bank and so preventing 
the caving which is liable to take place during the &llingof the river is alao believed 
to be beneficial. 

- When this form of structure is used where the existing slope of the submerged 
portion of the river bank is not steep the foot mattress probably becomes the most 
imnortant part of the spur and the dikes act more as an interrupted bank revetment. 

The following work of improvement in general accordance wiih the project as 
above outlined had been done prior to July 1, 1800: 

A continuous mattress about 400 feet in length had been placed just above the 
caving bank in Carrollton Bend, but this form of protection was afterwards abaa- 
donco. 

Six spur dikes had been built in the Gouldsboro Bend, two in the Greenville Bend^ 
and four in the third district reach ; and surveys, plans, and estimates for conttnn- 
ing the work had been made. 

At the beginning of the year the balance available was $48,515.36, and there w^s 
on hand material for construction valued at $11,399. 

The upper works of the tuj^ Tilda, which had been burned, were first rebuilt, 
damage to her machinery repaired, and tools and fittings which had been destroyed 
were replaced. As soon as these repairs were completed, the fleet of barges was 
towed to the vicinity of Bayou Sara, Louisiana, to cut willows for the season^ work. 
Labor was very scarce and difficult to obtain at that season, and the barges did not 
return till September 19. In the mean time repairs to the remainder of the ]>lant were 
made and new crib and mattress ways were built. Upon arrival of the willows the 
construction of mattresses and cribs was commenced. ' 

On October 15, 1890, the allotment of $90,000 for this work, from the appropriation 
of September 19, 1890, was approved, and in obedience to the instructions of the 
president of the Commission the following project waa submitted for carrying on the 
work: 

It is proposed to complete the six spur jetties now in process of construction in the 
Carrollton Bend at Southport, and to put in six spur jetties, or such less number as 
tlie funds available will allow, on the left bank of the river in the third district of 
the city of Now Orleans, these jetties to be located approximately as shown on the 
accompanying map, and to be similar in design to those already built opposite the 
Ursuliue convent. 

" Spur No. 4, in the Carrollton Bend, is completed, and the mattress for Spur No. 3 
nearly ready to sink. Upon^ completion of Spur No. 3, should there be no further 
caving just below Spur No. 4,* where caving has recently taken place, it is proposed 
to construct first Spur No. 1 and then Spur No. 5 in the third district. Should the 
caving continue below Spur No. 4 in the Carrollton Bend, Spur No. 5 should be eom- 
plcted before the force is transferred to the third district, and in any case it is pro- 
])08ed to carry the two works along so as to best arrest and prevent caving of the 
river bank. 

'^ It is also proposed to make such surveys in the harbor as may be necessary to 
ascertain the effect and present condition of works already completed, and to pro- 
vide for the care and repair of the plant when not in use till the beginning of the 
next working season." 

This project having been approved December 16, 1890, work was continned ac- 
cordingly. 

An additional allotment of $10,000 for the work was made November 26, 1890. 
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The constraotion of the mattress for Spur Dike No. 4 was commenced September 
24. It was sunk November 7, and the dike completed November 13. 

The mattress for Spur Dike No. 3 was commenced October 6; it was sunk November 
21^ and the dike completed December 22. 

As there were still indications of continued caving below Dike No. 4, Dike No. 5 
"waB next built in pursuance of the project. The mattress was commenced December 
22 and sunk January 13^ 1891. The dike was completed January 22. The height of 
the river prevented further construction work for this season, and the fleet was 
taken to lavins-up quarters and needed re|>airs to plant at once begun. 

During the latter part of the construction operations the supply of willows was 
exhausted and it became necessary to procure an additional supply in open market; 
which caused considerable delay and additional expense. 

The principal dimensions and field cost of the dikes constructed were as follows: 



No. 




Greatest 
height. 


Cost. 


8 


416 by 140 . 
355 by 130. 
400 by 120 . 


Feet. 


Fwt. 
45 
50 
40 


$17,882.05 
13,008.(» 
10,001.70 


4 




6 









Near the close of the work the tug Tilda lost her wheel and the outboard end of her 
shaft. Her crank had previously been broken and temporarily repaired, and so she 
was put in dock and a new wheel, shaft and crank cumplete fitted. In making these 
repairs it was found that her timbers and planking were in such a rotten condition 
that it was necessary to largely rebuild her hull. She was also furnished with a 
powerful steam pump for pumping out the barges and as a protection to the fleet 
against fire. 

Repairs were also made to the barges and a house built on one of them to serve as 
a warehouse. The old warehouse barge, being rotten beyond economical repair, 
was beached, and it will be used for the storage of worthless material until disposed 
of. 

Extensive repairs to the hull of the quarter boat were also necessary and are now 
in progress. The steam launch No. 1 was condemned, her machinery being worn out 
and her hull so badly rusted as to be useless. Steam launch No. 5 was transferred 
to this district from the secretary of the Commission and arrived May 16. She has 
already proved a very useful boat for this work. 

A survey was made by Assistant Engineer Hardee in August, 1890 of a portion of 
the river m the third district reach, on the left bank^ just above the spur dikes built 
in 1889; adjacent to the Ursuline convent, upon which the project for works of im- 
provement in that locality was based. Mr. Hardee also made a survey in October of 
the completed work in the Gouldsboro Bend, right bank, to determine the condition 
and effect of the six spur dikes which were completed in 1888, and the bank line in 
this vicinity has recently been surveyed again. 

The contours have been platted in connection with those determined by surveys 
made before the work was begun. They show that the dikes are apparently intact, 
and that there has been no damage to the levee or water front of any consequence, 
though there has been some slight caving of the bank. In deep water beyond the 
foot of the spurs the 100-foot contour seems to have been moved out towards the 
center of the river, but between the spurs there has been a noticeable cutting or 
scour. The bend in the river here is very gentle. 

Assuming that the immediate object of the work was to arrest the progress of cav- 
ing and to save the levee and property or shore from destruction, or at least to 
greatly prolong their existence, the work has undoubtedly been a success, and 
there has been a material diminution of the current along shore ; but the secondary 
result which was hoped for ; that is, a deposit between the dikes and a building out 
of the bank line, has evidently not taken place, nor is it likely to. The apparent 
moving out of the 100-foot contour is not regarded as a direct and beneficial result 
positively attributable to the dikes alone. 

On the* night of March 16 the levee between the two spur dikes in the Greenville 
bend broke, and the crevasse gradually enlarged so that the downstream side of the 
opening finally extended beyond the lower spur about 600 feet and the upstream 
end reached the upper one. This crevasse has doubtless largely undone the benefi- 
cial results produced by the dikes, but a survey to determine the extent of the injury 
has not yet been made. 

The foor spur dikes in the third district, built in 1883, are in apparantlF good 
condition and have accomplished the object for which they were built, there navinff 
been no cavizig in their immediate vicinity since their completion. Tnese dikes di£ 
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fer from other similar works in the harbor in being connected with the main lere* 
by spur levees built of earth and paved with stone, runnine out over the ''battare" 
and down to the head of the* dike proper. This portion of the dike was designed to 
induce deposit on the batture and restore bank lost by caving. 

In the Carrollton Bend local caving in the vicinity of the spur dikes built last ia!3 
was not entirely arrested, and a portion of the wharf and shed of the Louisville, New 
Orleans and Texas Railroad Company^ which was situated immediately on tlie baak 
at the head of the Spur Dike No. 4 has been destroyed, and it has been neccsssarv to 
move a portion of the railroad track leading to the wharf. 

This confirms the prediction of my predecessor in this office, who in bis last annn^ 
•report expressed grave doubts of the work being completed in time to aavf^ thi-* 
property, and it is probable that if the work is completed in accordance w^ith t^ 
present project there will be considerable raving between the dikes lieibrp the Ti\er 
mid bank assume a condition of stability, and that a sai^riiice of a certain aniouat 
of bank will be unavoidable. 

As soon as the sta^e of water will permit and the willows which are no^vr being 
cut arrive construction work will be resumed, beginning on Spur Dike No. 1, in tk* 
third district reach. 

A house has been leased in the vicinity and fitted up for quartering and snl>sigtinf 
workmen, as the repairs to the quarter boat will not be oompleted for several -weeksl 
A considerable amount of rock oallast, brought in vessels to the harbor, has betn 
purchased, and there is now nearly enough on hand for the season's work. 

The construction of two additional barges at an estimated cost of $3,500 is rec- 
ommended. 

The tug Tilda has cost for repairs and improvement during the year $4,750.37. 
Tier estimated value before her house was burned off was $5,000. At this date hbe 
IK airaiu disabled and laid up with a broken wheel. 

The following vessels not Dclonging to the regular fleet of the district were re- 
quired for the work during the past year and they rendered service as stated: 

Dap- 
Snag boat Florence, borrowed from Captain Willard, for work during high water 61 

Tug Parker J borrowed from Captain Townsend, for work during high water 37 

Tng Laurely chartered for discharge observation partv at Warrenton and Natcliez 4<) 
Tug Alert, chartered to take place of Tilda in New Orlt^ans Harbor work while 

latter was disabled 88 

Tug Corsair, chartered to take place of TtWainNew Orleans Harbor work while 

latter was disabled 2 

It is obvious that the district is deficient in towboats. 

The steamer Netvton is economically employed during only a portion of the year, 
and for the remainder of the time the service which she renders could be performed 
by a smaller boat at less expense. 

The tu^ Tilda is too small for the work of the harbor, as the necessary frequent re- 
pairs indicate, and though she is in excellent repair now, her wooden hull has » lim- 
ited life. 

It is therefore recommended that an iron-hull tug be procured for the work of th« 
harbor, which will also be available for towing barges about the district for protec- 
tion work during high water, towing willows and rock, and for any other service 
required. There is ample depth of water to allow such a boat to go anywhere in tbe 
diBtrict, and it is believed she would render more efficient and economical service for 
a good portion of the time than is now rendered by the Newton; and when the 3>ir- 
ton gets beyond economical rephir it may not be necessary to replace her. Snch a 
boat could probably be obtained for $26,500; making the estimate for new plant — 

Two barges, at$l,750 |3,.5<»> 

Iron hull tug 26,5i\i 

Total 30,000 

The work recommended to be done in eontinuatiou of the general project is bank 
protection to arrest caving between Carrollton Heiid and Exposition Wharf on the 
left bank, where the caving has already rcarhed the levee in two places, and in the 
vicinity of Soraparu street on the same bank opposite Gretna, where the street and 
car track have been entirely cut off at one point and seriously threatened at another 
by caving. 

It is estimated that the sum of $200,000 could be profitably expended during the 
year ending June 30, 1893. 

The work of improvement in New Orleans Harbor was in local charge of Assistaot 
Engineer Douglas until November 7, 1890, when he was relieved from that duty to 
take charge of levee work which was at thai time being undertaken on an exteuded 
scale. Since that date Assistant Engineer Garvin has had charge of the harbor work. 
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IMPROVING MISSISSIPPI RIVER (XO LIMIT) — NEW ORLEANS HARBOR, LOUISIANA. 

Money statement. 

July 1, 1890, balance uneVpeDded $48,519.62 

Sxpenses Office Chief of Engineers 112.00 

Balance unexpended .• 48,407.82 

Amount appropriated by act approved September 19, 1890 100, 000. 00 

148,407.62 
June 30, 1891, amount expended duriug fiscal year 78, 688. 08 

July 1, 1891, balance unexpended 69,719.54 

i Amount that can be profitably expended in fiscal year ending J u ii a 30, 1893 200, 000. 00 
< Submitted in compliance with requirements of sections 2 of river and . 
( harbor acts of 1866 and 1867. 

LEVEES. 

At the time of the last Annual Report no levee work was in progress under direc- 
tion of .this office. 

The following-named levees had been built, in whole or in part, enlarged, or ex- 
tensively repaired by the United States previous to that date, and were generally 
known as United States levees : 



Name of levee. 



Below 
Cairo. 



Right or left 
bank. 



Approxi- 

luute 
length. 



Above Bed River. 



Point Pleaaant 

Hard-Times-Wilaon 

Hard Times 

Evergreen 

Hardscrabble and Bondarant. 

Kempe 

Lalce Concordia 

Greens to Fairview 



Total. 



Below Med JRiver. 

Atchafalaya River to Rt^ Kiver Lauding . 

Red River Landing downstream 

Hog Point to Raoooorci 

liaccoiirci crevasses 

;M organ za 

Stewarts 

Point Coupee 

Bonnet Carr6 



Total. 



Total in district. 



MiUe. 
624 
631 



640 
659 
603 
722 



Right. 
...clo. 
...do. 
...do. 
...do. 
...do. 
...do. 
...do.. 



762 

766 

7674 

784 

789 

79U 

797 

927 



Right. 
...do . 
...do. 
...do. 
...do. 
...do. 
..^o. 
Left.. 



Milea. 
5.0 
10.2 
0.8 
2.0 
5.3 
8.9 
18.5 
ILO 



56.6 



6.0 
LO 
3.3 
LI 
1.3 
0.8 
LI 
2.4 



16.4 



73.0 



The above does not iiirludc lovers bnilt by tho United States and afterwards .aban- 
doned or thrown out of tii** iiiain line by the eonstruction of new lines behind them, 
as was rendered necessary by crevasses or changes in the river bank, but only com- 
prises the approximate length of embankment that could then be considered as 
effective levee or capable of being made so by restoring breaks. 

It will be observed that by far the greater portion of these levees were on the 
Tensas Basin or above the mouth of Red River on the right or western bank. Pre- 
vious to the present year no extensive levee building had been done by the United 
States in any other part of the district. 

The unprecedented flood of 1890 was a severe test of the levee system in this dis- 
trict, and when the last Annual Report was submitted there were twelve crevasses, 
some of them of extraordinarv size, that still remained to be closed. In addition to 
actual openings the prolonged high water had caused or developed many weak places 
in the levees, and showed that they could not again be subjected to such a strain 
without the greatest care and vigilance to prevent disaster. Moreover, when the 
flood subsided, the rapidly caving banks in many places weakened or seriously 
threatened the levees at points which had safely withstood the recent high water, 
but which of course had to be rebuilt before another flood. The work of repair 
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and Tebuilding was undertaken by the State autlioritieR of Lonisiana as soon u 
possible after the water went down, and was energetically prosecuted, but at liir 
time the appropriation of September 19, 1890, became available tllcre remaint^ & 
large amount of work unprovided for which it was absolutely neeossary to fiiM 
beiore another high water to prevent the occurrence of even greater disaaters tJmii 
those of 1890. 

The following allotments were made from the amount appropriated by the river 
and harbor act of September 19, 1890, for levees in this district: 

Tensas Basin \ $2ia(«X* 

Right bank, below Red River 130, 5»» 

Left bank, below Red River 94,aHi 

Total 435, OO*} 

Five per cent, of each of the above amounts was by direction of the Commi^'oA 
to be retained for the care and maintenance of the levees and the remainder was to 
be available for new work. 

Upon recommendation of the Board of Officers on Building and Repairing Lereei 
of October 23, 1890, the construction of the following levees was antboriaM nndrr 
the above allotment : 

Tmi$a$ Basin. — ^Bedford; Ferriday, Buckridge, Amanldia, Kempe, Henderson, Gib- 
son Landing, Deer Park. 

Bight banJc, below R4d River, — ^Nina, Highland, Barroza, Evergreen. 

In response to advertisements bids for the above were received as follows : 

Ahsiract of proposals received in response to advertisement dated November 9, 1890jforco*- 
strucOan of tevee in the fourth district, Mississippi River , opened November ^, 1S9Q. 

TENSAS BASIN. 
[Price per cubic yard.] 



No. 


Name aud address of bidder. 


Bedford 
(30.5U0 
cubic 
yarda). 


Kf*mpe 
(40.U00 
cubic 
yarda). 


Ferri- 

(75,^0 
cubic 
yarda). 


Aniaiil- 

dia 
(20.000 
cubic 
yaida). 


Hen- 
denon 
(55 000 

cubic 
yarda). 


Pari 

(75.1M! 

cubk 

ywl«.. 




ICmftfit TTvnftr (rrflwnvillft. 'NTisfl ........ .. 


Cents, 
*20.3 
20| 


Cents. 


Cenu. 


Gentt. 


Cents. 


CtuU 

Hi 




S L Janies ir.. New Orleans. La 


*23 












Kllpatrick & Sterer, MeuipbiH. Tenn 


•21 


♦17 








Flvnn Sl De Garla MeniDhis Teiin 


21i 





*23 


m 










•1^ 




Andrew* 4* Offd*?n, Rdt^iii "Rflngp, T^^ 












sr 




W. L. Klllebrew, Greenville, Misa 


23 

23i 

26 


27 


31 


20 


85 


J4 


8 


Lnke Madden. Delta. La.t.. ' 




Q 


T C Bedford Vicknbarir Misa t 












10 


WiUiam Ciutv St. Josenh La 


^ 










11 


A. P. Martin. Natcbez. Misa.t 






27 

















RIGHT BANK BKLOW RED RIVER. 
[Price per cubic yard.] 



No. 



Name and addrees of bidder. 



Ernest Hyner, Greenville, Miss 

S. L. Jnmes, jr., New Orleans, La 

Kllpatrick & Storer, Memphis, Tenn 

Manning &. Howe, Lake Providence, La . 

Flynn Sc De Garis, Mempbis, Tenn 

Andrews Sl Ogden, Baton Rouge, La 

W. L. Killebrew, Greeuville, Miss 

Luke Madden, Delta, La.t 

T. C. Bedford, Vioksburg, Misa.t 

William Curry, St. Joseph, La 

A. P. Martin, Natchea. Miaa.t 



Nina 
(75.000 
cubic 
yards). 



Cents. 
19.7 

*18 



18* 

18.45 

34 



Hi<rh]and 
(330,000 
cubic 
yards). 



Genu. 



24j 

*23.74 
33 



Barroza I Ever 



(200,000 
cubic 
yards). 



pjTcen 
(70,000 eo- 
bicTtfiii' 



Cents. 



43i 

»26u99 



CenO. 



19. Sf 



4 liiTonual. 
Total, 970,500 culnc yartls. 

Bids marked (*), tbe lowest received, were accepted and contract* wen entered into. 
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Abstract of proposals received in response to advertisement dated November 14, 1890, for 
construction of Gibson Landing Levee, Tensas BaMn, opened November 26, 1890. 



Ko. 



Name and address of bidder. 



Price per 




cubic yard 




(aboat 


Total. 


330,000 cubic 




yards). 




CknU, 




10ft 


$63,937.50 


21 


60,300.00 


24 


79, 200. 00 


29i 


97, 350. UO 


31 


102, 300. 00 


31.95 


105, 435. 00 


35 


115, 500. 00 



W. L. Killebrew, GreeiiTille, Miss 

Ernest HynerjGreenville, Miss 

Castleman & Wilson, New Orleans, La 

John Scott Si. Son, Yicksburg, Miss 

Anpistns P. Martin, Waterproof, La. . 

Laing, Snioot & Co., Dallas, Tex 

P. J. CoflOman, Baton Bougc, La 



Total amoimt available for this work exclusive of oiitstandlnj? liabilities, $124,000. 
Contract was entered into with W. L. Killebrew for construction of this levee. 

Abstract of proposals received in response to advertisement dated December 14, 1890, for 
construction of Buekridge Levee, Louisiana (Point Pleasant), opened December 25, 
1890. • 



No. 



Name and address of bidder. 



Price per 




cnbio yard 




(alK)ut 


Total. 


100,000 cubic 




yards). 




OmU. 




18 


$18,000.00 


18i 


18,250.00 


18.3 


18, 300. 00 


18.75 


18, 750. 00 


19| 


19,760.00 


25.20 


25,200.00 



Manning & Howe, Lake Providence, La 

A. P. Martin, Waterproof, La.* 

Ernest Hyner, Greenville, Miss 

Samuel L. James, jr., New Orleans, La. . 

Thomas W. Kilpatrick, Vidalia, La 

Daniel Carey, Union P. 0., La 



* Informal. 



Total amount available for this work, exclusive of outstanding liabilities, $60,000. 

Contract was entered into with Manning & Howe for construction of this levee. 

Owing to the late date at which the allotments became available it was necessary 
to use the utmost possible haste in detennining the various lines. Through the 
kindness of Maj. H. B. Richardson, chief State engineer of Louisiana, all maps, 
surveys, estimates, and other information in his possession were placed at the ms- 
posal of this office, and with this aid the work of linal location and staking out the 
lines was ably performed and with remarkable dispatch by Assistant Engineer 
Douglas, assisted b^ Assistant Engineer Hardee, and the delay in beginning work 
was less than the circumstances seemed at first to render unavoidable. 

The early rise of the river and continued rains seriously interfered later in the 
season, but the only opening in the line which existed during high water that was 
due to failure to complete work undertaken by this office was at Henderson (713 R). 
This point is well down near the foot of Tensas Basin, and there are sloughs in rear 
leading directly across to Red River, so that the damage from the gap was entirely 
local and comparatively insignificant. The backwater did not even interfere with 
work on Deer Park levee, only a mile and a half distant below. 

At Kempe (659 R) the old front lino was intact wheu the new work was com- 
menced, but it waa breached by caving of the bank befon^ liigli water, and a tem- 
porary protection levee had to be built to enable the l>ack lim^ to be finished. 

At Forriday Crevasse (693 R), in Lake Concordia levee, a protection levee was 
also necessary; and at Deer Park (722.5 R) 2 lines of i)rotection levee were built. 

Several new levees were in process of construction on the left bank below Red 
River ut the time the allotment became available under a State organization known 
as tlic Pontchartrain levee board. Owing to legal complications, concerning the 
raising «)f funds by taxation, this board became embarrassed for money and were 
unable to complete the levees they had undertaken. 

By authority Of the honorable Secretary of War, upon the recommendation of the 
president of the Commission, tliiH<»lfice aHsnmed charge of tho.so levees on Novenibrr 
20, 1890, and undertook to complete them by informal agreements with tlie con- 
tractors at the same price and upon the same, general terms a« were provided for in 
their contracts with Pontchartrain lovco board. The following table shows iu con- 
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densed form the history and status of all the new levees in charge €>f tliis ofli« t a 
the date of this report : 

Uniied States levee work in fourth district^ MUnssippi River, undertaken during Uke ft- r 

ending June SO, 1891, 



Nune of levee. 



Below 
Cairo. 



length. 



Width 

of 
crowD. 



Slope 

on land 

Bide. 



Slope 

on nver 

Bide. 



Greatest 
height 



heislit. 



hrigbl. 



Tensaa Front (right 
bank): 

Bedford 

Buokridge* 

Kempe 

Glbaon Landing... 

Ferriday 

Amaoloia 

Henderson 

Beer Park 

Rieht bank, below Bed 
River: 

Nina 

Highland 

Barrosa 

Byergreen 

Left bank, bolow Red 
River: 

Shannon 

Martinez 

Gay to Hollywood . 

WoodHtock 

Hcnnita(;e 

Grenada to Mount 
Olive 

Soiit hwood 

Afthland to Lin- 
wood 

IMBi'harry 

Irvine 

Union 

Lilly 

College Point to 
St.Mirhael 

IVrre Haute to 
Hope 

Comland 

Destrahan 

Frellsen to Al- 
media 



Hame of levee. 



MiXeM. 
606 
624 
650 
683.5 
(K»3 
702 
712 
722 



806.5 
815i5 



867 



837 

H42 
M4rj 
847.5 

850 

856.5 
875.6 

878 
882 
mi. 5 

000.5 

9oa.5 

010.5 

022 

039 

042.5 



Fmt. 
3,030 



FeH, 



3tol 



3tol 



Fttt. 
17.6 



Feet. 



6.2 



Fcef. 



&4 



2,405 

13,888 

3,355 

578 

10,285 



6.150 
5,170 
4.145 
8,400 



4,813 
1,420 
4,423 
3,135 
4,540 

7,400 

4,855 

4,032 
4, 7(K) 
1,325 
1,080 
2, 260 

1,637 

10,640 
1, 3;t6 
1,272 

7,350 



8 to 10 
8 
6 



6 

5and0 
6 
5 

6 



»tol 
3tol 
3tol 
8tol 
8tol 
8tol 



3tol 
3tol 
4tol 
3tol 



3tol 
3tol 
3tol 
3tol 
3tol 

3tol 
3tol 

3tol 
3tol 
3tol 

3t4>l 

3tol 

3tol 

Stol 
3tol 
2tol 

Stol 



3tol 
Stol 
Stol 
Stol 
Stol 
Stol 



Stol 
Stol 
Stol 
Stol 



Stol 
Stol 
Stol 
Stol 
Stol 

Stol 
Stol 

Stol 
Stol 
3toi 
Stol 
3iol 

Stol 

2tol 
Stol 
2tol 

2tol 



16 
25.6 
26.2 
6.7 
16.2 
13.4 



81.6 
SL2 
19.2 

ie.0 



12.1 
8.5 
11.0 
10.5 
ILl 

a? 

ILl 

4.0 
14.3 
8.6 
7.6 
10.6 



I 



». 1 

8 

5.2 

12.4 

6l3 



1.7 
2.3 
8.0 
1.6 



8.1 
1.9 
0.9 
L7 
2.4 

0.7 

a9 

LO 

0.6 
L6 
1.4 
1.9 



I.'.'- 
II " 
II.' 

«.• 
13. i 

7.B 



5.0and9.2 a6and0.6 

I 
4.0and8.2 L2and].2 
10.3 I 0.9 

5,1 L6 



4.S < 



L3 



9 
14 

13 



115 

8.2 
10.4 
lf» 

%.t 

?.* 
IV 9 

3.3 

13 i 
7.4 
P. 4 
9.5 



Z.QaodS.S 

3.0 and 6.7 

10. u 

18 



Tensas front (right 
bank): 

Bedford 

Buckridge* ,. 

Kempe 

Gibson Landing . . . 

yerriday 

Amaulaia 

Henderson 

Deer Park 

Bight bank, below Red 
River: 

"Nina 

Highland 

Bairoza 

Evergreen 

Left bank, below Red 
River: 

Shannon 

MartincE 

Gay to Hollywood . 

"Woodstock 



Grade of 

crown 
above high Totid (net). 
wat*»r of 

1890. 



Feet. 
L8 



8.0 
3.0 
3.0 
L5 
S.0 
2.4 



3.0 
3.0 
3.0 
8.0 



8.0 
8.0 
8.0 
3.0 



Cubic yards. 

43,738.18 



38,400.70 
289, 637. 24 
70.274.33 
3,289.11 
42,3r2.23 
09,458.54 



95,999.01 
127, 895. 96 
164,860.69 

93,654.73 



91,037 
12,889 
67, 732 
48,277 



Ket paid 

for by the 

United 

States. 



Oubie yards. 
43,738.18 



38,489.71 

129,72L48 

72,472.03 

3,280.11 



09,628.85 



88,037.41 
127,895.96 
164, 860. 69 

30,488.71 



77,136 
4,452 
30,428 

29, 182 



Amonnt 
paid by 

United 
States. 



$8,860.85 



9. 744. 53 

22,637.62 

15,144.13 

559.16 



17,624.12 



14,262.05 

30,551.07 

46,713.06 

6,213.56 



14,077.82 

812.49 

7,097.04 

5, 249. 84 



When 
conunenoed. 



Dec 18,1890 Mar. 7,1891 



When 
amplettd. 



Dec. 10,1890 
Dec. 4,1890 
Dec. 1,1890 
Deo. 25,1890 
Dec 3,1890 
Dec 10,1890 



Mar. 8,1«1 

Mar. 25,1891 

Fob.37,1891 

(*) 

M«r.2B,l»l 



Dec. 18,1880 §Junel4,l»1 



Dec 17,1890 
Dec 16.1890 
Jan. 1,1891 



(If) 



May 81.] 
Msj3Q.l»l 

a) 

Mar. 28.191 
Dec27,i»f 
Feb. 28»1»1 
Dec27,lS90 



• Authority rproivod to annul contract., 
t Forty percent, roinplot^^d : to bo ftniHhod cTuuu:u-v 1, IKii'J. 
♦To be flnisliMl S^Mitrniber 1, 1S91. 

(« Six hundred loot left opfii. t<t be comploted Fobninrv 1. 1892. .• 

II .\hout 86 p<T ociit. coinplitwl: to lie flnishrd July .'il". l-^Ol. 

1i There is no re^'onl in thin offiro to 8h«>\v wlnn tlu m 1. xnswiie coiium>uc«<l. They were ti«* 
furred to the Uuitod States Goveniment on Xovimbtr 2i», lt«'JU, 
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United States levee work in fourth district, Mississippi River, etc, — Contiaaed. 



"Name of leree. 


Grade of 

crown 

above hish 

water ^ 

189a 


Total (net). 


¥etpaid 

for by the 

United 

States. 


Amount 
paid by 
United 
Statee. 


When 
commenced. 


When 
completed. 


lieffc bank, below Bed 
River— Continued. 

Hermitage 

Grenada to Mount 
Olivo. 

Soutliwnod 

Ashland to Lin- 

■wootl 
Discliarry 


FeeL 
3.0 
3.0 

3.0 

3.0 

3.0 
3.0 
3,0 
3.0 
3.0 

3.0 

3.0 
3.0 
3.0 


Oubic yard*. 
56.466 
24,044 

75, 843 

14,828 

109,659 

9,759 

10,507 

27,739 

12,147 

33,344 

17,762 
3,0,j2.7 
24, 258. 3 


Oubieyardi. 
24,218 
17,602. 

62,942 
11,230 

75, 145 

9,759 
10,507 
22,900 

7,417 

15,899 

14,486 
3, 052. 7 
6, 521. 3 


$4, 056. 51 
3, 168. 36 

11,612.80 
2, 240. 00 

14, 935. 07 
1, 756. 62 
1,891.26 
4,577.71 
1,334.32 

2,860.92 

2, 748. 00 

518.05 

1,109.97 


(*) 
(*) 

S ■ 

<*) 
(•) 

(*) 

(•) 


Dec. 27.1890 
I'eb. 24.1891 

Mar. 23, 1891 
Jan. 31.1891 

Mot. 16, 189i 


Irv ino 


Jan. 31.1891 


Union 


Do. 


Lilly 


Jan. 17,1891 


Colfcge Point to 
. St. Michael. 
Terre Haute to 

Hope. 
Corniand 


Jan. 5, 1891 
Feb. 23,1801 
Jan. 31,1891 


DeBtrahan 


Jan. 0, 1891 


FrelLson to Al- 
media. 


Do. 



* There is no record in this office to show when these leveee were commenced. They were transferred 
to the United States Government on November 20, 1890. 

Of the levees in this list Remaining incomplete at this date, Bnckridge was delayed 
by refusal of property owners to consent to the line selected. The State authorities 
have since undertaken to construct a levee on another and longer line^ and authority 
has been received to annul the contract for the line fixed upon by this office. 

The contract time for Gibson Landing (683.5) does not expire until January 1, 
1892, and the prospects for the completion of the work bv that time are favorable. 

At Henderson (713 R) the work was interrupted by high water. 

The time for the completion of Nina was extended till February 1, 1892, to enable 
the sugar mill and other buildings on the adjacent plantation to be moved after tlie 
present cane crop is worked up. 

The time for the completion of Evergreen was extended till July 31, 1891, the old 
front line being still intact and the work having been greatly interfered with by bad 
weather and seepage water. 

The consent of property owners to the line determined upon at Southport has not 
yet been obtained. 

Surveys and estimates for new levees, which should be constructed during the en- 
suing year, have been made by this ofti(;e, as follows : 
Kempe (659 R), front line threatened by caving bank, 225,000 cubic yards, 

at 28 cents ...*. $62,000 

Hardscrabble (639 R), front line threatened by caving bank, 223,200 cubic 

yards .• 60,000 

Highland (615.5 R), to complete line begun by United States ; caving bank 

partly breached, front line, 230,000 cubic yards, at 20 cents 46, (XX) 

Terre Haute (919.5 L^, to build new line further from river; front line very 

much exposed and oadly wave- washed, 35,000 cubic yards, at 20 cents 7, 000 

Ferriday Crevasse (693 R), to close crevasse, 2,000 cubic yards, at 20 cents 400 

The above are all United States levees. In compliance with my request Major 
Richardson, Chief State Engineer, has furnished the following approximate estimate 
of ne(;ossary lovee work which, up to June 15, 1891, had not been provided for by 
the State authorities : 



Name. 



Cubic 
yards. 



Cottage Home (649 £) 

Stewart (791 R) 

Red Store (795 K) 

St. FranciH (799 K ) 

Irvine (80O U) 

Loban (8J4 K) 

BaiToza extonHioii (H'S.i It) . . 

Towles (851 L) 

Billings (852.5 L) 

Goumcr (8.i:{ R) 

St. Craln-iel (86-J L) 

tsoHthwwKl, WalcrhMi (870 1,) 



I 



153,000 

18:i, 000 

118,000 

5,000 

2,000 

Xi, 000 

7.'i, 000 

9,600 

31,1)00 I 

14, 000 I 

26.000 I 

88,500 

I 



I Amount »( 
'aOceiitflptT, 
. culm' yard. ' 

i 



Name. 



$30,600 
36,600 
23,600 
1,WK) 
400 
6, OlK) 
Ifi.OOO 
1, 92) 



|l. 



Poiut Barrow (885 R) . 

Minnie (896.5 U) 

Home Place (9U-i.5R). 

Ikdmont (i»07 L) 

ToiHRier (909 L) 

PtK-lio (012 1.) 

Ronse<'«)nr (JUM U) 

Prospect (937 L) 

6,303 !♦ Boisblanc (952 L) 

2,800 I Ames (959 R) 

5, 200 
17,700 1; Total 



Cubic 
yards. 



16,000 

20,000 
60,000 
1.3,000 
24, 000 
12,.'>l)0 
IS. 500 
5«. 500 
21, (luO 
100. OlM) 



Amount at 
20 cents p«*r 
cubic yard. 



$3,200 
4,000 

12,000 
2,600 
4, 8'X) 
2, 500 
:i, 700 

11,700 
4,200 

20,000 



216, 420 
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Making the entire sum which is needed for new levee work in this district dmi^ 
the year, $357,000. 

It is therefore manifest that an^ sum which will probably be made available ctniM 
be usefully applied to levee builmng in this district during the ensuing year, but I 
do not make a definite estimate of work of this character which, in my jadgment. it 
is advisable or necessary to do, since such an estimate would necessarily be lai^lj 
dependent upon questions of policy which it is beyond my province to consid^. 

PKOTECnON, GARB^ AND MAINTENANCE OF L£TEE8. 

As previously stated, the Commission directed that of the total allotment for levf« 
construction 5 per cent., or a sum of $21,750, should be retained ''for the care and 
maintenance of levees in the several localities for which the allotments are n&aflt>.'* 
and notice was received on March 24, 1891, of the following additional allotaocBte 
" for the protection of existing levees from threatened danger by high water." 

Levees Tensas Basin, fourth district $40. 14V} 

Levees, right bank below Red River, fourth district 43, tM) 

Levees^ left bank below Red River, fourth district 23,688 

The river began to rise early in the season, and by the middle of February had 
reached such height as to cause apprehension of danger, particularly since a lar^c: 
amount of new work was unfinished, gaps remained open, and the several lines m 
general were in poor condition to withstand a flood, lliat part of the district above 
Ked River save the greatest anxiety, since between Vicksburg and Bayon Sara, s 
distance of 200 miles, the only telegraph stations on the river are at Natcbez and St. 
Joseph. The country is thinly settled and there is no rai^oad within reacb of lk^ 
river except at Natchez. This part of the river also comprised most of the existing; 
United States levees, the more miportant of the new levees, and nearly all tbe open 
gaps of any consequence. The tools and material previously used for protecticm 
work were stored at the depot of the Red and Atchafalaya works near Blnunspon, 
which is 30 miles from a railroad station or telegraph office. 

The steamer General Newton was sent to this part of the district, and was eng^aged 
during the continuance of high water in transporting tools and material to plac«« 
where needed, and in pairolliug the entire line.. 

The United States snag boat Thoe, B. Florence was also engaged in similar duty, 
both above and below R^ River. She belongs to the works in charge of Capt. J. 
H. Willard, Corps of Engineers, U. S. Army, and was rendered available for this 
service through the courtesy of that officer. « 

The tug ParArer, belonging to the third district, Mississippi River, under charge 
of Capt. C. McD. Townsend, . Corps of Kngineers, U. S. Army, was also employed 
for a short time on protection work in tliis district; but she was soon needed in tbe 
third district again, and was accordingly returned. 

The flood did not reach as great a height as during 1890, and no raising of the 
levees was necessary. 

The following table shows the localities and nature of the protection work done: 



Localities. 



Point Pleaftant (625 K.) 
Hardtimea (ar2 R.)--.- 
Koiupe (659 R.) 



Gibson Landing (683 R.) 

Ferriclay (093 K.) 

Arnauldia (TO'J R.) 



2f atare of protection. 



Protoctwl with sacks to stop wave wash. 

Repuirs to wash cansod by current. 

Stopping " sHnd-boil." Protection of levee in front of new work. 

Revet ting front slope of new Icree wi th sacks. ' * Run-armind '* 

at itoint where caving bank threatened angle in fWmt line. 

Ih-amage ditrhes and banqnotte in rear of new work. 
Stopping: craw-fish holes in old front line. 
Stonpinp flniall crcvanse. 
Sm-K revetment on front of new work. 
Henderiion (713 R.) ' Protection levee in front of new w(A*k. li gave way, and work 

ht<»pped. 
Deer Park (722 R.) Pn»te<i ion le\ ^h" in front of new work. 

Below the mouth of Red River the facilities for communication and transpor- 
tation of material are in general very good, and the local interests and resources are 
much greater than above^ so that comparatively little protection work in this part 
of this district was required on the part of this office. Between Baton Rouge and 
New Orleans a railroad runs near each bank of the river with frecxuent stations. 
The country is all settled and labor is abundant. 

In the early part of the high-water season a barge was prepared for such protec- 
tion work as'might become necessary by building on itateuii>orary house to accom- 
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modate workmen and loading it with tools, material and supplies. This barge was 
towed by a steam towboat to different points where it was required. 

An arrangement was also made with representatives of the Louisville, New Or- 
leans and Texas, the Texas and Pacific, and tne Southern Pacific railroads, all of which 
were provided with labor, tools and material and facilities for rapid transportation, 
by which they were to do such work as might be immediately necessary, and which 
could not be attended to at proper time by the outfit iu charge of this office. 

The following table shows the protection and repair work done below Red River, 
light bank : 



LocalitieB. 



Bed Biver Landing (785.3 B) . 

Nma (806.5 B) 

Highland (815.6 R) 

Evergreen (857 R) 

Ltft bank. 

Longwood (847 L) 

Davenport (838 L) 

Saint Gabriel (862 L) 

Sonthwood (875 L) 

A»hland(878L) , 

Dicharry (882 L) 

Melanoon (888 L) 



Nature of protection. 



RemoTal of stampa, stopping craw-fish holes, restoring embank* 

ment at road crossings, etc. 
Wave wash on old tcout line stopped with sacka. 
Old front line repaired at road crossings. 
Old front line revetted with lumber. 



Board revetment. 

Do. 
Board and sack revetment. 

Do. 

Do. 

Do. 

Do. 



No protection work was done below the city of New Orleans. Reaueste were re- 
ceivea for assistance in maintaining the levees in that part of the district, but at 
that time the funds available were limited and as all indications pointed to very 
high water, it was deemed expedient to reserve the money for probably greater 
dimger in the upper parts of the district. An inspection was made of the levees 
down as far as the forts early in April after the additional allotments became avail- 
able, but at that time the river had fallen slightly, all the levees were secure and 
the danger was practically over. 

It is urgently recommended that sufficient funds be made available for putting all 
the United States levees in this district in proper condition of repair as early as 
practicable before next high water. 

The work of this kind which is necessary consists of clearing the levees of trees, 
brush, and all other vegetation except grass; restoring the embankment where 
washed by rain or the action of waves, or worn down by unauthorized traffic ; re- 
pairing all weak places due to craw-fish holes, ''sand-boils'' or other causes; and in 
certain special cases raising the grade. The above does not, however, contemplate 
an^ general enlargement or raising of the embankment, but only what may pro]^)erly 
be included under repairs, care, and maintenance of the existing works and raising 
certain places where the line is seriously weak, due to local dpficieiicy iu Leiglit. If 
this work were done now time would be afforded for the earth to become solidified 
and sodded over before high water, and a degree ot sernrity and ndief fi-<mi anxiety 
would be afforded which no expenditure of money during iuKh water <!onld sctcure. 
and the results from money so applied as compared to those following from an eciual 
expenditure during the time of danger would be incomparably greater. 

Assuming that the balances of the amounts reserved for the care and maintenance 
of the levees are applicable as above^ the additional funds needed for this work are 
as follows : 

Tensas Basin: 

Estimate $12,600.00 

On hand 8,800.00 

Amount needed 3, 400. 00 

Right bank below Red River : 

Estimate 5, 000. 00 

On hand 5,195.00 

Left bank bfilow Red River: 

Estimate 5, 000. 00 

On hand : *. 1,430.00 

Amount needed 3, 570. 00 

Total amount needed 6,970.00 

KNG 91 231 
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The following amounts were expended for care and maintenance of levee* daring 
hij^h water: 

TeuHasBawn $3,010.5*- 

Ri>rht bank below R«»d River 2,203.- 

Left bank below Red River 3,72JI.^ 

Total 8,93S.#r7 

There were no expenditures from the last allotment for ])rotection of levees frnm 
threatened danger from high water, and the entire allotment, $107,938, in still ih 
hand. 

Attor the new levee liiies were staked out preparatory to beginning work, As-nbt- 
aut Engineer Douglas was assigned to the local charge of all levee work above ih»- 
month of the Red River, and Assistant Engineer Hardee to similar duty for that 
pju't of the district below Red River. Their reiwrts are appended hereto. 

IMPROVING MISSISSIPPI RIVKR (NO LIMIT). 

Money Ht^tement 
(a) Levees, Tensas Front : 

July 1, 18i)0, balance unexpended $29,117.42 

June 30, 1891, amount expended during 'liscal year $16, 581. 89 

June 30, 1891, amount expended during fiscal year for protec- 
tion of levees, Tensas Basin 12, 535. 53 

29,117.12 

(6) Levees, Tensas Basin : 

Amount allotted from act approved September 19, 1890 199, 500. Oi» 

Amount reallottod from act of August 5, 188<> 21. U' 

199, 521. 00 
June 30, 1891, amount expended during fiscal year 81, 988w 84 

July 1, 1891, balance unexi>ended 117, 532. 16 

July 1, 1891, amount covered by uncompleted contracts 51, 010. 90 

July 1, 1891, balance available 6&521.2l> 

Amount that can be profitablv expendiMl during fiscal year eudin 'x J une 30, 

1893 125,000.00 



(c) Levees, right bank, bHow Rod River: 

Amount appropriated by act apj>rovt'd September 19, 1890 123, 975. 00 

June 30, 1891, amount expended during fiMcal year 107J 464. 85 



July 1, 1891, balance unexpended 16^510.15 

July 1, 1891, amount covered by incompleted contracts 9, 927. 58 

July 1, 1891, balance available fi, 582. 57 

Amount that can be profitably exp«Mided in fiHral year ending June 30, 1893 160, 000. 00 

(d) Levees, left bank, below Red River: 

Ainonu t ap])ropnated by act approvi'd September 19, 1890 89, 775. 00 

Juiu' 30, 1891, auKMHit expended during fiscal year 84, 057. 86 

July 1, 18tH, balance unexpended 5,717.14 

Amount that can be profitably expended in fiscal year ending June 30, 1893 65, 000. 00 

(e) Protection of levees, fourth district: 

July 1, 1890, balance unexpended 18, 160. 13 

June 30, 1891, amount exjiended during the fiscal year $8. 160. 13 

Amount transferred to third district '. 10, 000. 00 

iai60.l3 

(/) Protection of levees, Tensas Basin : 

Amount allotted fcom act of September 19, 1890 .51, 000. 00 

June ,')'), 1891, amount expended during; fiscjil .\e.ir 3,010.^^8 

July 1, 1801, balance unexi)eu«led 47, 989, 02 
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Amount that can be profitably expended in fiscal year ending June 30, 1893 . $3, 400. 00 

(g) Protection of levees, right bank^ below Red River: 

Amount allotted from act approved September 19, 1890 50, 275. 00 

June 30, 1891, amount expended during fiscal year 2, 203. 75 

July 1, 1891, balance available 48,071.25 

(h) Protection of levees, left bank, below Red River: 

Amount allotted from act approved September 19, 1890 28, 413, 00 

June 30, 1891, amount expended during fiscal yea r 8, 723. 94 

July 1, 1891, balance unexpended 24,689.06 

Amount that can be profitably expended in fiscal year ending Ju ue 30, 1893 . 3, 570. 00 

SURVEYS, GAUGES, AND OBSERVATIONS. 

In addition to the surveys made in connection with works for which there were 
specific allotments, surveys of a number of alternative lines for new levees at Kempe 
(659 R.) and at Hardscrabble (640 R.) were made. These are both United States 
levees, and the danger of their being breached by caving banks is so imminent that 
provision must be made for the new lines, either by the spited States or the State 
authorities, before the next high water, in order to render Tensas Basin safe from 
overflow. 

Surveys to determine the continuous profiles of all levees in this district are very 
much needed. There was no time to undertake this work before establishing the 
grades ?>f the levees which were built by this office during the past year, and their 
grades were therefore not fixed in accordance with any very delniite system as the 
data and the time necessary for formulating such a system were wanting. The ex- 
pediency of making such surveys hereafter will be influenced by the policy which 
may govern levee construction in the future. It is estimated that the preparation 
of complete levee profiles for the district, including new surveys and necessary 
coj)ying of information on file in the State engineer's office will cost about $1,700. 

All the gauge stations heretofore established in this district were maintained, 
and by direction of the commission the following new stations were established: 

Sugar House gaugey pt head of TumbuU Island, above the Red River Dam. Estab- 
lished November 27, 1890. 

Fort Jackson gauge, established February 23, 1891. 

Owing to the inaccessibility of this latter station, and a change of gauge-keepers 
soon after it was established, the record up to the present time can not be said to 
have been entirely satisfactory ; but the apparently abnormal variations are attrib- 
utable, in part at least, to the effect of winds and tides in the Gulf. To be of value 
it is believed that a recording tide gauge should be established here, and such a 
^auge at New Orleans would also give more complete information than is afforded 
by the present system of only two readings a day. 

Six new bulletin boards of the pattern adopted by the Commission have been liuilt 
to replace existing ones where extensive repairs or new bulletin boards are reqirired. 

The following table shows the highest and lowest readings at the various stations 
compared with last year's record : 

High cat gauge readings. 



Sbitions. 



Mis.^issippi Rirer: 

iSt. Jo8eph, La 

Natchez, Miss 

Ked River Landing, La . 
Re<l River: 

Barbre Landing, La — 

Sugar House, La 

Akliatalava Kiver: 

Melviilc, La 



Siramsport^La. 
pi Rivfii 



Mississippi Rivfir: 

Unyou Sara, La 

Baton Rouge, La 

Pin q nomine, Lj. 

College Point, La . 



1889-'90. 
But**. Reading. 



Apr. 23, 1890 
Apr. 23, 1890 
— do 



....do 

Apr. 28, 1890 



Apr. 22-23, 

1890. 
Apr. 21,1890 

do 

Apr. 22. 1«9() 
! Mai. W.Um 



CarroUton, La Mar. 17,1^90 

Port Jackbou, La 



45.15 
48.60 
48.80 

49.70 



35.4 

45.50 

41.2 

36.75 

31.9 

2X90 

16.10 



1890-91. 



l>tki-fi. Reading. ■ 



Apr. 13,1891 
Apr. 11, 1H91 
Apr. 27, 1891 

Apr. 25, 1891 
Apr. 30, 1891 

Apr. 19, to 

Mays. 
Apr. 26, 1891 

Apr. 29, 1891 
May 3,1891 
Apr. 29. 1891 
Mar. 16, 1891 
....do....... 

...do 



4;i.70 
46.50 
45.48 

45.65 
45.99 

33.7 

43.32 

38.8 
35. 55 
.^1.0 
23.40 
10. 00 
C.15 



Differ, 
ence. 



1.45 
2.10 
3.32 

4.05 



1.7 

2.18 

2.4 
1.20 
.9 

.30 
.10 
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Lowest gauge readinga» 



Stations. 



1689-'90. 



Pate. 



Beading. 



1890-'01. 



XHSet' 



Date. 



Beading. 



lipiil Biver: 
St. Joseph, La . 



Natohes,Mis8 

Bed RiTer Landing, La. 
B«dBiT6r: 

Barbre Landing, La 

Sugar Honse, La 

Atchafalava River: 

MdTifle^La 

Sinunsports La 

Missiftsippi River: 

Bayou Sara, La 

Baton Boiigp, La 

Plaquemine, La 

College Point, La 

Carrollton, La 

Fort Jackson, La 



Ock 31,1889 
Nov. 4,1889 
...do 



Nov. 7,1889 



.1 Nov. 6,1889 
.1 Nov. 7,1889 

Jnov. 3,1889 
Oct. 28,1889 
Nov. 5,lb8» 

...do 

Oct. 28,1889 



-5.95 
2.70 
2.40 

2.4 



4.5 

2.0 

-2.1 

2.50 

L5 

.57 

.4U) 



June 3.1891 
Juno 12, 1891 
Jane 13, 1891 

June 14, 1891 
....do 



...do- 
....do. 



...do 

...do 

....do 

...do 

....do 

June 5,181)1 



15.35 

ao.8o 

20.83 

ao.8 

19.97 

20.6 
19.30 

13.6 
14.0 
10.9 
7.88 
4.95 
2.6 



IS, as 

IS. Id 

18LS 
1&« 



16. IS 

17.38 

15l7 

1L» 
914 

7.31 
4.55 



Owing to the great pressure of levee work and the absorbing duties incident to 
the recent high water the gauge service has not received the attention during the 
past year that should have been given to it. 

The gauges on the Mississippi within the limits of the district are now under two 
separate administrations, and the contrast in the degree of efficiency attained dur- 
ing the past year can not be claimed to be in faVor of this office. It is recommendcyl 
that, if practicable, arrangements be made to place all these gauges under uu« 
charge. 

AMES CBEVASSB. 

This crevasse occurred at a point in the levee on the right bank between the twn 
spur dikes constructed in the Greenville Bend in 1889 and 1890. It was directly op- 
posite the Audubon Park, sixth district, city of New Orleans. 

The levee here was generally an efficient embankment having a crown of 8 feet, a 
slope on the river side of 3 to 1, and on the land side of 2 to 1. It was W(41 sodde«l 
ana the front slope had been protected ftom wave wash by a board rcvotiuent bnUt 
some time previous to the high water season. There was a batture a;»out 60 fe<>t 
wide adjacent to the break, over which the water stood at a depth of about 3 feet. 
The crown of the levee had a height above the batture of 6 feet, and above the 
ground in the rear of about 10 feet. The w^ater was within 2 feet of the crown at 
the time the break occurred. In October, 1890, an iron pipe had been placed throogU 
the levee several feet below the surface of the ground on the land side, and it iB 
believed that the crevasse was caused by the careless manner in which the earth was 
replaced over the pipe, a« the break started through the crown and at first had a 
depth of only 3 feet. 

The break occurred in the evening on March 16, and on the 18th measareui€*ut 
showed its width to be 164 feet. Daily measurcmcuta were made until June 3, 18SK», 
when it had attained a width of 1,665 feet. 

Gauges were also established to detemiino the efl'ect upon the height of the river 
in the vicinity and the height of the backwater. 

A discharge section was established below and measurements taken with a view 
to determinmg the discharge of the crevasse by deducting the discharge of the sec- 
tion below from that found at the Carrollton section where the discharge was also 
being taken at the same time, since it was not practicable to f^et reliable discharge 
measurements directly, owing to the velocity of the cunent and the irregularity of 
the crevasse sections. 

The results of the measurement-s whow such abnormal variations in the discharge 
at the lower section that they can not be accepted as reliable. The discharge of the 
crevasse is estimated to have been about 91,000 cubic feet per second between April 
6 and April 14. 

The crevasse undoubtedly produced considerable disturbance in the current at the 
lower discharge section, as is indicated by the formation of a bar in the river near 
that point where there was formerly deep water. 

An attempt was made to e8tabli8h an o])servation station in the throat of the cre- 
vasse. Three telegraph poles about 44 feet long were securely fast^^ned together at 
the top by bolts and wire hiHliing, the butts being separated and held in"plac« by 



APPENDIX Z Z REPORT OP MISSISSIPPI RIVER COMMISSION. 3685 

1>raceH or cross piocos fastened to the poles by strong iron clevises aiicL dowels and 
latsliintrs of ^vire. The structnre had a triangular base 35 feet on a side and to the foot 
of each pole were secured three car wheeb weifi^hinff 558 pounds each to serve as 
bullast and to give the stand a bearing in the soft mud. This tripod was built on a 
bar^e and then moved out over the end until the outboard portion overbalanced that 
on deck, the top being lathed to the deck to prevent it from tipping. This barge 
was then taken in tow by a tug having a 500-foot towline and maneuvered till the 
barge was drawn into the crevasse, whue the tug being clear of the swiftest current, 
could hold it in position by steaming ahead. When in the proper position the lash- 
ing was cut and the tripod launched overboard, landing upright in the deepest part 
of the crevasse, where it stood in about 11 feet of water and a swift current. One 
of the logs was broken by the shock of the fall near the top. but the structure as a 
whole remained in position and otherwise uninjured. Thougn by the time there was 
an opportunity to place the tripod the water had fallen and the current diminished 
materially, and there was na need of it as an observation station, the experiment 
showed that it would be quite possible to successfully plant such structures in a 
flowing crevasse without difficulty. 

The crevasse completely interrupted three railroads, the Texas and Pacific, the 
Souther]} Pacific, and the Grand Isle and Fort Jackson. The latter is a local road and 
no attempt was made to reestablish traffic on it, but the service of the other roads 
was kept up in an imperfect manner by transfer boats to a point 17 miles above the 
city, at which point the railroad tracks were only partially submerged by the back- 
water from the crevasse, and by means of trestlework and constant repairs admitted 
of travel. 

The following data concerning the damage caused by this crevasse was compiled 
by Assistant Engineer W. J. Hardee. The estimates are, of course, approximate and 
they were made from inform'ation collected from local officials, rtulroad companies, 
and other sources which may be considered reliable, though greater accuracy could 
be attained with more time for careful surveys and inquiry. 

Acres. 

Total overflowed 1,396,224 

Cultivated land overflowed : 

Sugar 62,914 

Com 48,653 

Rice 39,733 

Total 151,300 

Miles. 

Railroad track in overflowed section 146 

Track entirely destroyed 2 

Track on which traffic was suspended 84 

Track partially destroyed, had to be cribbed up above water 60 

Estimated damage. 

Agriculture $7,683,793 

Livestock....^ 2,700 

Drainage and canals 64, 700 

Buildings and fences 92, 350 

Railroads 533,400 

Total 8,376,943 

The immediate effect of the break was a general relief from anxiety in this city at 
a time when the river was very little lower than the highest level it has ever reached 
since authoritative records have been kept, and from the date of the crevasse, when 
the Carrollton gauge stood at 16 feet, there was a steady fall. 

What the results would have been had a similar crevasse taken place on the oppo- 
site side of the river might form an interesting subject for speculation. 

There w^ere only two other openings in the levees of this district during the flood, 
the one at Henderson (713 R) which was a break made in 1890 and not closed before 
high water, and the one at Ferriday (693 R) which occurred on the night of May 
5, 1891, after the water had fallen considerably. 

Both were local in their effects and unimportant and no dischar&re measurements 
were made at either. At Henderson the gap was 1,075 feet in width and the maxi- 
mum discharge may have been about 26,000 cubic feet per second. At Ferriday 
the opening was 97 feet wide before it was closed and the estimated discharge was 
about 3,400 cubic feet per second. 

The latter break was closed by sacks filled with earth. 
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When it became evident that a laree flood was probable, discharge iueafe»axeiDeiit9 
were undertaken at Warrenton, Red River Landing and Carrollton^ as well ae at 
Simmsport on the Atchafiedaya. The section at WmeDion proved nnrellable <rl 
account of cross currents and eddies, and as no good section could be found near the 
party was moved to Natchez. 

The following table gives the maximum discharge at each station and the daU& 
for 1890 and 1891: 



Station. 



Hisaissippi : CStbie/eet. 

Warrenton 1,354,725 

Natchez 1,386.492 

Red River Landiuj: 1,4«7,3«2 

CarroUtoii 1,28C,008 

Atchafalava: 

Simmsport , 480,708 



1890. 



Greatest 
discharge. 



Bate. 



Apr. 12 
Max. 17 
Mar. 7 
Mar. 20 

*Ma7 12 



1891. 



Grrateet 
discharge. 



Cfubie/Mt. 



B»te, 



1,528,809.825 i Mar. »> 
1,159,852.177 ! Apr. 1. 
1,217,807. 35 Apr- W 



320,545.792 



Apr. II 



Details of the results are given in the reports of the assistants who made the sev- 
eral observations. 

Tlio sections of the river at the Morganza and Nita crevasses were resonsded h^ 
twceu June 4 and June 23^ 1891. The results of these soundings in comparison with 
soundings previously' made are shown on accompanying charts. 

The estimate for surveys, gauges, and observations for the ensuing year is for sal- 
aries of gauge-keepers, expenses of maintaining gauges, expenses of discharge ob- 
servations and expenses of surveys for which no specific allotment is made is $10,000. 

IMPROVING MISSISSIPPI BTVER (NO LIMIT). 

Money statement. 

(a) Surveys, examinations, and inspections: 

July 1, 1890, balance unexpended $1,507.41 

June 30, 1891, amount expended during fiscal year 1, 507. 41 

(b) Gauges, fourth district : 

July 1, 1890, balance unexpended 400.03 

June 30, 1891, amount expended during fiscal year 400. 03 

(c) Surveys, gauges, and observations : 

Amount allotted from act approved Sei^tember 19, 1890 12, 000. 00 

•June 30, 1891, amount expended during fiscal year 6, 299. 50 

July 1, 1891, amount available 5,700.50 

( Amountthat can be profitably expended in fiscal year ending June dOj 1893 10, 000. 00 
< Submitted in compliance with requirements of sections 2 of river and 
/ harbor acts of 18(36 and 1867. 



COMMERCIAL STATISTICS. 

The following commercial statistics for this district were compiled by Assistant 
Engineer W. J. Hardee. 

'Hie statistics relating to the foreign commerce of the port of New Orleaii^ were 
kindly furnished by Hon. H. C. Warmoth, collector of the port. 

Statement showing the approximate receipts and shipments of freight by river from June 
1, 1890j to June i, 1891, compiled from information derived from the commercial er- 
changes of the representative towns, and the several htisiness houses and landings where 
the steamboats receive and discharge cargoes, and from the records of the custom-hou^, 
port of New Orleans, , 

NATCHEZ, MISSISSIPPI. 

Jieceipts. 

Number of steamboats in the trade 38 

Number of times arrived 819 

Number of barges 52 

Total cargo arrived (tons) 1061,961 

Value of same $1,734^027.00 
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ARTICLES or CARGO. 



Cotton bales.. 15,500 

Lumber feet, B. M.. 7,000,000 

Wood cords.. 960 

Corn meal barrels. . 37, 482 

Oats sacks.: 101,450 

Bran do.... 13,189 

Wrapping paper. . packages . . 605 

Hardware do 10,374 

Wooden ware do 7,628 

Cottonseed sacks.. 65.307 



Coal bushels.. 1,250,000 

Sacks, empty bimdles . . 1, 150 

Flour barrels. . 19, 156 

Corn sacks. . 65, SM) 

Wet barrels number . . 987 

Sasb, doors and blinds, pack- 
ages 769 

Groceries packages . . 18, 780 

Miscellaneous do 1, 150 



Shipments, 

Number of steamboats in the trade 38 

Number of times departed 717 

Total cargo shipped (tons) 28, 10.1 

Value of same $1,095,890 



ARTICLES OF CARGO. 



Cotton bale*.. 10,527 

Cotton -seed oil gallons . . 154, 677 

Cotton linters pounds . . 176, 775 

Lumber feet, B. M. . 1, 490, 600 

Ice tons.. 1,998 

Flour barrels.. 14,876 

Com sacks.. 42,842 

Wet barrels number . . 944 

Sash, doors and blinds, pack- 
ages ■-.. 653 

Groceries packages . . 15, 683 

Cotton batting bales . . 583 



' Miscellaneous pa ckages . . 1 , 052 

i Cotton cloth yards. . 761, 575 

I Cotton seed meal .'sacks. . 12,305 

; Sacks, empty number^ . 2, 084 

Shingles do.... 910,500 

' Corn meal barrels . . 31, 462 

Oats sacks. . 73, 497 

Bran do 7, 670 

! Wrapping paper . . . bundles . . 869 

Hardware packajfes . . 8, 558 

. Wooden ware do 5,976 

1 Bricks number. . 215, 600 



RECAPITULATION FOR NATCHEZ, MISSISSIPPI. 

Total cargo received and shipped (tons) 1.<V>, 065 

Total value of cargo received and shipped $2, 829, 917 

VIDALXA, LOUISIANA. 

Number of steamboats in trade 38 

Number of times they have landed 819 

Number of barges •. 2 

Total cargo received and shipped (tons) 12, 392 

Total value of cargo received and shipped $781, 976. 75 

ARTICLES OF CARGO. 



Cotton bales. . 

Cross ties number. . 

Corn sacks . . 

Corn meal barrels. . 

Hay bales.. 

Miscellaneous packages . . 

Furniture do 

Molasses barrels.. 

Lime do.... 

Coal bushels.. 



12,560 I Cotton seed sacks. 

5,147 I Bran do... 

12,519 i Oats do.. 



5,314 

1,870 

7,200 

3,500 

325 

180 

24,000 



Flour barrels. 

Liquors do . . . 

Meat (salt) boxes. 

Sugar barrels . 

Groceries packages . 

Hardware do . . . 

Lumber feet, B. M. 



58,400 

900 

15, 465 

2, 758 

150 

175 

410 

3, 325 

1, 275 

19C, 750 



3688 RKPORT OF THE CHIEF OF ENGINEERS, U. S. ARMT. 
BAYOU SARA, LOTJISIANA. 

Receiplif, 

Numbor of ntoanihoats in the tradu ^ 

Nnmbcr of timo8 they arrived 1, OlS 

Number of barijoH - *' 

Total cargo arrived (toiin) -- 29, ^I 

Value of same ^1» U^ '*^ 



ARTICLK8 OP CARGC^. 



Cotton .' bales. . 

Potatoes barrels. . 

Flour t. do 

Corn sacks. . 

Meat (salt) pounds... 

Lard do 

Bagging rolls. . 

Hay bales.. 

Bran sacks.. 

8oda pop boxes . . 

Furniture packages . . 

Wooden ware do 

Sugar barrels. . 

Rice do 

Tobacco ]K>nnds.. 

Fertilizers tons . . 

Ice do 

Lumber feet, B. M.. 



5,560 

2,218 

11,509 

21, 525 

1,479,870 

&4,625 

5,000 

6,241 

3,278 

480 

2^60 

20,985 

1,600 

350 

40,700 

115 

800 

500,000 



Coal bushels.- 225,000 

Corn meal barrels. . 25, 140 

Pork do 7,&fl 

Oats sacks.- 37,0ft< 

Soap pounds.- 1C,80C 

Beer casks.. 1,545 

Ties bundles.- 6,500 

Lime barrels.. 450 

Grits do.... 8^596 

Groceries packages . . Ifly OOO 

Hardware do 5, 000 

Molasses barrels. . 510 

Coffee sacks . . t, 275 

Salt do.... 1,300 

Miscellaneous packages . . 7, OOO 

Wire coiU.. 4,500 

Cement barrels.. 500 



Shipments. 



Number of steamboats in the trade 48 

Number of times departed 747 

Total cargo shipped (tons) 191, 940 

V^lueofsame $1,193^396.00 



ARTICLES OF CABGO. 



Cotton bales.. 18,340 

Lumber feet, B.M.. 250,000 

Corn meal barrels . . 4, 625 

Pork do.... 1,980 

Oats sacks. . 20, 600 

Soap pounds . . 2, 500 

Bagging rolls.. 2,000 i 

Hay bales.. 3,500 j 

Cement barrels.. 50 

Grits do.... 7,175 ! 

Furniture packages . . 600 ! 

Wooden ware do 12, 600 ; 

Sugar barrels. . 600 t 

Rice do.... 200 I 

Tobacco pounds . . 10, 000 . 

Wire coils.. 1,125 ! 

Ice tons.. 600 I 



Cottonseed sacks.. 60,000 

Potatoes barrels.. 1,286 

Flour do.... 2,150 

Corn sacks. . 11, 300 

Meat (salt) pounds.. 225,000 

Lard do.... 12,500 

Ties bundles.. 2,800 

Lime barrels.. 225 

Bran sacks.. 1,200 

Groceries packages . . 2, 879 

Hardware tons.. 45 

Molasses barrels. . 175 

Coffee sacks. . 525 

Salt do.... 480 

Miscellaneous packages . . 2, 165 

Beer casks.. 800 

Coal bushels.. 120,000 



RECAPITl'LATION FOR BAYOU SARA, LOUISIANA. 



Total car^o received (tons) 29, 321 

Total value of H;inie $1, 113^719 

Total cart^o nhipped (tons) 19,940 

Totnl value of Ham« $1^ 193^ 396 

Tot •! c.irgo received and .shipped (tons) ' 49^ 261 

Total value of same $2,307jll5 
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BATON ROUGE, LOUISIANA. 

JieceipU. 

Nnin'beT of flteamboats in tlie trade 49 

Nuiuber of timea they arrived 895 

Number of barges 108 

Total cargo received (tons) 23, 313 

Total value of same $2,257,3ea 

ARTICLES OF CARGO. 



Cotton bales.. 1,650 

Liomber feet, B.M-. 13,000,000 

Potatoes barrel.. 4,000 

Flour do.... 45,100 

Corn sacks. . 55, 700 

Hay bales.. 9,000 

Pork and mess beef. . barrels . . 610 

Vinegar do . . .'. 135 

Wrapping paper . . . bundles . . 600 

Wooden ware packages.. 81,540 

Bagging rolls.. 2,800 

Sugar barrels.. 1,925 

Rice do.... 1,410 

Tobacco pounds.. 285,600 

Moss bales.. 1,200 

Hides number.. 1,995 



Cotton seed tons. . 2, 889 

Coal bushels.. 3,750,000 

Corn meal barrels.. 42,660 

Oats sacks. . 80, 000 

Bran do.... 12,500 

Oils barrels. . 318 

Liquors do 150 

Hardware packages . . 24, 670 

Groceries do 45, 500 

Miscellaneous do 4,980 

Ties bundles.. 7,325 

Mdlasscs barrels . . 2, 150 

Coffee sacks.. 1,142 

Dry goods packages.. 8,200 

Wool pounds.. 1,475 

Cabbages crates.. 300 



Shipments. 



Number of steamboats in the trade. 

Number of times departed 

Total cargo shipped (tons) 

Total value of same 



49 

693 

60,787 

$1,737,434 



ARTICLES OF CARGO. 



Cotton bales.. 12,976 

Cotton-seed meal sacks . . 17, 819 

Cotton linters pounds.. 100,219 

Shingles number.. 25,000,000 

Moss bales.. 9,975 

Hides number.. 15,320 

Pdtatoes barrels.. 5,987 

Com meal barrels.. 16,250 

Oats sacks.. 35,100 

Bran sacks.. 2,500 

Pork and mess beef. barrels.. 325 

Oils barrels.. 246 

Wrapping paper . . packages . . 250 

Groceries packages . . 24, 867 

Miscellaneous packages. . 3, 000 

Ties bundles.. 2,645 

Molasses barrels. . 3, 790 

Coffee sacks.. 537 

Dry goods packages. . 1, 100 



Cottonseed sacks.. 15,500 

Cotton-seed oil gallons.. 232,064 

Lumber feet,B.M.. 4,750,000 

Brick number.. 4,250,000 

Wool pounds.. 4,260 

Cabbages crates. . 800 

Ice tons.. 125 

Flour barrels. . 19, 975 

Corn sacks.. 43,760 

Hay bales.. 4^500 

Vinegar barrels. . 76 

Liquors barrels. . 75 

Hardware packages . . 11, 125 

Wooden ware packages . . 19, 250 

Bagging rolls.. 950 

Sugar barrels. . 2, 475 

Rice barrels. . 625 

Tobacco pounds.- 21,750 



RECAPITULATION FOR BATON ROUGj:, LOUISIANA. 



Total cargo received (tons) 23,313 

Total value of same $2,257,360 

Total cargo shipped (tons) 60, 787 

Total value of same $1, 737, 434 

Total cargo received and shipped (tons) 84, 100 

Total value of same $3,994,794 
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PLAQrEMiyE, LOUISIANA. 
Seceipts. 

Ntimber of steamboats in the trado ?«' 

Nuinl)er of times they arrived i'i 

Number of barges /: 

Total cargo arriA'ed (tons) 61. Ij 

^.'otal value of same $^li«. lit 



ARTICLES OF CARGO. 



Potatoes barrels. . 

Corn meal du 

Grits do 

Com sai'ks . . 

Bran (wheat) do 

Groceries x^^^^^o^^ - - 

Wooden ware do 

Molasses barrels.. 

Coffee sacks.- 

Vinegar barrels. . 

Dry goods packages . . 

Lime barrels.. 

Meat (salt) boxes . . 

Oysters barrels . . 

Crockery packages . . 

Coal bushels . . 

Moss - - bales . . 



2,650 
8,154 
3,478 
18,700 
5,000 
53,800 
2,(K)0 

350 
1,315 

250 
1,495 

975 
1,423 
2,500 

213 
1, 250, 000 

110 



Onions barrels.. ^' 

Flour do L' '••' 

Hay bales. . 1"»! 

Oats sacks.. UM 

Bran (rice) sacks . . i 1" 

Hardware packages . . 4. -^^ 

Sugar barrels . . 2. IV 

Rice do.... L.r> 

Liquors do i*^' 

Oils do S^ 

Miscellaneous packages . . 3. H^ 

Beef and mess porK . barrels . . ^»1 

Fruits packages . . 1, '"i 

Machinery (tons) ^' 

Furniture 2. M 

Cotton-seed meal ..... sacks . . 5, cm 



Number of steamboats in the trade . 

Number of times departed 

Number of barges 

Total caigo sliipjM'd (tons) 

Total value of same 



ShipmmU. 



11 



ARTICLKS OF CAlUiO. 



Lumber feet, B. M.. 

Shingles number.. 

Sugar hogshejids . . 

Molasses barrels . . 

Moss bales . . 

Hides number. . 

Fish pounds . . 

Potatoes ba rrels . . 

Onions do ... . 

Corn meal do . . . . 

Grift do 

Com sacks . . 

Bran do 

Hardware packages . . 

Rice barrels . . 



11, 250, 000 

50,000,000 

1,350 

3,000 

6,280 

12,500 

14,000 

687 

375 

2,980 

2,700 

1,250 

160 

1,&17 

400 



Liquors barrels. 

Dry goods packages . 

Fruits do . . - 

Miscellaneous do 

Honey barrels. 

Flour do. . . 

Hay bales- 
Oats sacks . 

Groceries packages. 

Wooden ware do... 

Coffee sacks. 

Oils barrels. 

Furniture packages . 

Salt meats boxes. 







UECAPITULATION FOR PLAQUEMINK, LOUISIANA. 

Total cargo received (tons) *vS'il 

Total value of same ^yj ^^ 

Total cargo 8hip])ed (tons) *-i.v sw 

Total value of same 1 ii i»^ 

Total cargo received and shipped (tons) |J\' -■ 

Total value of same :..-- $1,*^ < ' 



DONA LDSON V I LLE. LOUISI ANA. 
liecv'qfltf. 



Number of steambonts in the trade 

Number of times they arrived 'Z 

Number of barges ,-. 

Total cargo received (tons) ^^^'' .-' 

Total value of same f''^^'"^' 
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ARTICLES OF CARGO. 



Com meal pounds . . 675 

Grits Wrels.. 830 

Liquors do 400 

Vinegar do 98 

Oats sacks.. 16,700 

Bran (wheat) do 100 

Groceries packages.. 2,100 

Woodenware do.... 987 

Crockery do.... 150 

Miscellaueoiis do 1, 125 

Oysters barrels. . 360 

Potatoes do ... . 1, 250 

Acids (carboys) 1, 000 

Sugar barrels. . 15, 000 

Rice do.... 2,000 

Charcoal sacks.. 600 



Flour barrels. - 610 

Meat (salt) boxes.. 450 

Oils barrels . . 645 

Com sacks.. 11,500 

Hay bales.. 2,000 

Bran (rice) sacks . . 100 

Hardware packages . . 110 

Dry goods do 200 

Lime barrels . . 1, 000 

Fruits packages . . 980 

Lumber feet,B.M.. 60,000 

Onions barrels . . 340 

Coal bushels.. 2,500,000 

Molasses ... 1 ban-els. . 4, 000 

Coffee sacks.. 840 



Shipments, 

Number of steamboats in the trade 41 

Number of times they departed 591 

Total cargo shipped (tons) 6, 059 

Total value of same $482,700 

ARTICLES OF CARGO. 



Sugar barrels.. 20,000 

Hides number . . 200 



Molasses barrels.-- 12,000 

Miscellaneous packages. . 1, 150 



RECAPITULATION FOR D0NALD80NVILLE, LOUISIANA. 

Total cargo received <tons) 105,172 

Total value of same $929,570 

Total cargo shipped 6,059 

Total value of same ^482,700 

Total cargo received and shipped (tons) Ill, 231 

Total value of same $1,412,270 

The above towns are, strictly speaking " way points,'' and not termini, and the 
net tonnage or carrying capacity of the steamboats that do business at those places 
is not given, as it would not show the proper relation between what would then be 
made tne possible tonnage and the actual tonnage brought. 

All New Orleans steamboats are counted " arrived" vmen they stop on their jour- 
ney up the river, and "departed" when they stop on their way down to New Or- 
leans. 

The St. Louis and Ohio River steamboats are counted arrived when they stop on 
their ^journey down the river, and departed when they stop on their wav up stream. 

Owing to the obscure records obtainable^ many articles of a like character are 
styled under one head. 

Statement showing the amount and value of commerce p€using out of Red River and its 
tributaries through Old River into the Mississippi River, compiled by Mr, W, J, Hardee, 
assistant engineer, from the river column of the New Orleans Daily States, and from 
the assistance fumishsd by the commercial exchanges of^New Orleans, Louisiana, 

[The period embraced by this report extends from June 1, 1800, to June 1, 1801.] 



STATEMENT. 

Number of steamboats 17 

Trips made by them 501 

Net tonnage of same 101, 604 

Number of barges 24 

Net tonnage of same 14, 400 

Total tonnage of steamboats and barges 116, 004 

Total cargo brought (tons) 92,232 

Value of same $10,951,108 
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ARTICLES OF rAK«V». 



li<in«rs «a*»k^.. 274 

Cattle ii»-ad.. 237 

Cotton Ui\*^.. 189.26C» 

Cot lot! WM.-d *'i« ki> - . 4i>5. C45 

K-;;- IM.k:i-.-s.. 2>6 

Hi.l.-s 1 e.. 5453 

Ho^i'* iji'iul»«-r. . 51*1* 

Hor^ii or iinilf!* li« a4. . 35 

Lum hf-T t» * t. b. M- . . 43, 702 

Mola«»^» h'ATi*\F.. U,4(il 

Peoans «lo 123 

Potatfjes -a« kn., l^CfcVJ 

Pit-fcli 'oainl*-- 52 

Pfras Kufk-.. 119 

Sh*'.p heiHl.. 41 

hugar hoj:-lnail«» . . 3, 612 

fctraw >i:iit-s.. 715 

8tav*-8 Coak) nniiib<'r-. 92, 21t) 

Wool ' hiiiid. . 52U 

Tbift floes not include the upbtream freights, which must be nearly eq^n:d 
dowufttitraui ouctf. 



Bottle* emj»:v I^att^I*-. 

Cahli:i^e •-T-i'--*--. 

CoX\ou-^e*^ oil l--rT-l'i.__ 

txc<=-lsior - - *oiI-^. _ 

Hide* -p. Kj.-^-r.. 

Houey 1 ^—-1^.. 

Iron war*- j-j- ki^r-r*-. 

Moss o.**^.. 

Mi5cell:iiit-ott5 pj- kA^«r-».__ 

Potatoes I'jrT'-l*-- 

Poultry _<.-.- .p*. _ 

Peas h^riTl.-^. _ 

Rice > J* k« - _ 

Skins -.pa* k.-»;^fr^_ _ 

Siitrar b^ri»-I>__ 

S*«'d eoll«»n «^a«-k:«*. . 

Tallow b-Arr* !•»-_ 

W<x»d <. Mr<is- - 



4.> 



to Ti- 



Statement tfhoirxnq the river arriraU at Xetc OrUanSj La., from Jytne /, /«?>/. io J%*' 1 
l.'i'*l, compiUd by Mr. ff. J. Hardte, OJitfXJataut tHgimer^ from the rirnr C'*!mmm <»/ • 
Js't'ic Orltuns Daily states and from afteUtaui-e J'urttUhtd by the ct^iHmtrrtritxi acMu'*.r 
of Sew OrltaM, La. 

ABOVS THE CITT. 



Steamboats (nnmber) 

Trip8 made by tbeni 

Net tonna jre of fiauje 

Towboats (nnmber) 

Trips made by them 

Net tonnafje of same 

Barges (number) 

Net tonnage of same 

Number of lujijfjers (sailing) 

Trips ma<le by them 

Net tonnage of same __ 

Total tonnatje (steamboats, tow boats, bargis, and Inggers) 1, 

Total cargo brought (tons) 1, 

Value of same $5J^ 

BELOW THE CITY. 

Steamboats in local trade 

Trips made by them 

Net tonnage of same - 

Luggers (sailing) in local trade 

Trips made by them 

Net tonnage of same - 

Total tonnage (steamboats and luggers) 

Total cargo brought (tons) 

Value of same : $1, 



1.4:: 

663. ^l'. 

4r 

i:ii 

5L?: 

418, itV 

. I? 
le. 

4.VJ 
14(>.o3. 

34S. <»^ 
332,cfe5 



13i'.N> 

22. 4i' 
?29,Ctt: 



RECAPITULATIOX. 



Total arrivals (steamboats, towboats, barges, and luggers) aboTe and 

below - 7,lfC 

Total net tonnage, above and below 1^ 502, ]^ 

Total cargo brought, above and below (tons) 1. SBoi*? 

Value of same $5<^ 061, TTT 
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ARTICLES OF CABGO. 



Acids carboys.. 3,939 

Apples barrels.. 305 

Amznonia drums. . 312 

Apples dried.. 327 

Buckets dozen.. 1,778 

Baking powder boxes . . 265 

Barley sacks.. 50 

Bag;gies number. . 109 

Beef. barrels.. 108 

Beer casks.. 1,405 

Bagging.... rolls.. . 37,625 

Barrels, empty ..... number . . 2, 610 

Beans barrels and sacks . . 490 

Bungs barrels.. 161 

Bacon boxes.. 497 

Bitters do.... 6,009 

Bones sacks.. 521 

Brushes boxes.. 24 

Blueing cases.. 4 

Butter packages.. 368 

Bran sacks.. 78,708 

Broom com bales. . 1, 695 

Bricks, fire niunber. . 50, 620 

Bottles, empty barrels . - 3, 100 

Brooms dozens.. 422 

Clippings bales.. 19 

Clothespins boxes.. 415 

Copper pounds . . 4, 580 

Cork bags.. 193 

Cement barrels.. . 883 

Carriages number . . 15 

Candles boxes. , 582 

Cattle head.. 619 

Cabbage crates.. 725 

Canned goods boxes . - 151 

Carts number.- 44 

Cartridges . . .number cases. . 200 

Cider packages. . 100 

Coal bushels- . 10, 766, 200 

Coke do.... 175,060 

Com '. sacks.. 180,693 

Com bushels.. 3,871,187 

Cotton-ties bundles . . 142, 800 

Cotton seed sacks ... 1, 668, 515 

Cottou-seed ashes ..barrels.. 424 

Cotton-seed oil do 3, 393 

Cotton-seed meal sacks . . 122, 191 

Carbons boxes. . 556 

Com meal barrels.. 79,989 

Com meal sacks.. 3,644 

Cigars cases.. 12 

Co tton linters bales . . 231 

Crockery packages . . 2, 517 

Dry goods packages . . 815 

Drugs do 4,230 

Excelsior bales. . 2, 800 

Eggs packages.- 7,223 

Earthonwaro crates . . 471 

Feed meal sacks. . 6, 568 

Fire-clay bari'els.. 630 

Flour half barrels . . 48, 079 

Flour barrels.. 327,785 

Flour sacks sacks. . 3, 626 

Furniture packages . . 33, 659 

Fruit, dried do 28 

Flaxseed barrels.- 118 

Grindstones number . . 5, 371 

Glassware packages.. 17,431 



Groceries packages . . ' 3, 598 

Grits .' barrels . . 49, 672 

Glycerine do.... 118 

Glucose do 915 

Glue do " 43 

Hams cases.. 1,581 

Hubs bundles.. 61 

Hair bales.. 1,660 

Hay do..., 5,960 

Hay half bales.. 9,425 

Hay quarter bales.. 6>744 

Hogs head.. 842 

Hoop-poles number, . 27, 941 

Hominy... barrels.. 220 

Handles . . -" bundles . . 4, 841 

Horns sacks.. 6 

Hides loose.. 527 

Honey barrels . . 54 

Horses and mules head . . 448 

Hose packages. . 15 

Hinges barrels.. 274 

Hardware packages . . 22, 580 

Iron ware packages . . 42, 728 

Ink boxes.. 302 

Kraut barrels. . 225 

Kegs (empty) number . . 3, 234 

Lard packages . . 95, 944 

Leather bundles . . 395 

Laths nuDiber.. 20,000 

Lumber feet, p. M. . 1, 578, 950 

Lead pigs and packages . . 592 

Lye cases . . 195 

Lime ; barrels. . 3, 065 

Mops dozen.- 235 

Mattresses, wire . . .nimiber. . 50 

Mattresses do 337 

Mucilage boxes . . 64 

Machinery pieces . . 128 

Moss bales.. 4,508 

Molasses barrels. . 275, 559 

Meat cases.. 74 

Meat bales.. 2 

Millet sacks. . 721 

Malt do...- 7,844 

Mirrors boxes.. 1,327 

Miscellaneous packages . . 40, 419 

Nails kegs . . 35, 745 

Oysters (shells) .... barrels . . 1, 550, 000 

Oats sacks.. 338.659 

Oats (bulk) bushels. . 89, 960 

Oatmeal barrels.. 326 

Oil do..., 4,926 

Onions sacks. . 14, 731 

Onions barrels.. 1,389 

Oranges do 33, 110 

Pipe packages.. 2, 520 

Pecans barrels . . 2, 659 

Plows number. . 6, 867 

Pickles barrels . . 410 

Pickles cases. . 10, 821 

Potatoes sacks. . 70, 268 

Potatoes barrels . . 58, 815 

Poultry coops.. 564 

Pork barrels.. 2,191 

Pitch do.... 238 

Preserves cases . . 321 

Putty barrels.. 150 

Paint packages. . 739 
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Peamite bags.. 2,070 

Pease sacks.. 245 

Poaso barrels.- 211 

Paper bundles. . 6, 855 

Uopo coils. . 616 

Ka^jfl bales.. 32 

Rye sacks.. 225 

Rice barrels.. 775 

Rico sacks.. 263,111 

Shot pockets.. 3,936 

Sheep nnmber.- 858 

Skins packages.. • 25 

Soap atock barrels . . 237 

Sacks bales.. 1, 175 

Shoes cases . . 58 

Seed (garden) packages . . 869 

Soap boxes.. 14,353 

Staples kegs.. 1,140 

Starch boxes.. 42,948 

Stone pieces . . 72 

Spades and shovels . bundles . . 1, 024 

Sash weights number . . 11, 450 

Sugar hogsheads . . 97, 498 

Sugar barrels. . 417, 405 

Screenings sacks.. 605 

Staves ( oak ) nu niber . . 1, 955, 478 

Saddlery packages . . 2, 425 

Syrup barrels.. 6,007 

Showcases number . . 237 

Straw bales.. 4,661 

Seed, cotton sacks . . 1, 530 

Stoves number.- ■ 3, 775 



Spikes kegs.. 303 

Steel sheets packages . . 1, 735 

Sawlogs (10-foot lengths). No 

count made of tonnage 94, 080 

Springs (car) number . . 8& 

Tallow barrels-- lOf. 

Tobacco cases-- 965 

Tobacco hogsheads . . 168 

Toys packages- , 221 

Tinware do 264 

Tubs do ^ 

Trunks.: numl>er:- 1,669 

Varnish barrels.. 62 

Vegetables crater . . 477 

Vinegar barrels.. 3>019 

Wooden ware packages ... 8, 825 

"Wax barrels.- 5 

Wool bags.. 340 

W^agou ware packages . . 2, 981 

Wheat sacks.. 944 

Wheat (bulk) bushels . . 1, 814, 429 

Willow ware packages . . 5, 176 

Whisky barrels.. 259 

WTiiskv and wines cases . . 189 

W^hitelesMl do.... 1,317 

Whitelcjul kegs.. 22,941 

Wine.... barrels.. 104 

Wire reels.. 31,109 

Wheelbarrows bu nd les . - 97 

Wood cords.. 659 

Wheels *. '. bundles . . 146 

Zinc packages. . 201 



This list includes simply the freights brought to New Orleans by steamboats and 
barges on the Mississipiji River and does not include the large and valuable freights 
that they take away. No record is kept of this, and it is impossible io furnish even a 
reasonably accurate estimate of its value. It would amount to a very large sum in 
the aggregate, probably more than 40 per cent, of the value of freights received at 
New Orleans. 

Foreiffn commerce, port of Kew Oi-lains. 



Ve8«ela. 


Entrancej*. 


ClenTimoea. 


St4>am 


No. 
920 
138 

74 
15 


Tout. 
l,21fi.r>88 
78, 131 

86,340 
5.(363 


No. 
931 

12H 

60 
6 


1 Ti? 9?P 


Sail 


76 420 


EstiinaU^ for June: 

iMetan 

Sail 


4ZA70 
2 333 






Total 


1»147 


1,388.722 


1.125 


hZU^I^i 





Total value of exports of foreign nierchandiNe 1o foroigu rnuntries: 

For 1 1 months ending May 31, 1891 

Estimated for June, 1891 



Total for fiscal year ending June 30, 1891 , 



$854,588.00 
65.000.00 

919,588.00 



Total value of exports of domestic merchundiBc to foreign coun- 
tries : 

For 11 months ending May 31, 1891 103,735,587.00 

Estimated for June, 1891 3,000,000.00 



Total for iiscal year ending Juno 30, 1891 106, 735, 587. 00 
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Grand total of exports of foreign and domestic merchandise to for* 
ei^ countries : 

For 11 months ending May 31, 1891 $104,500,175.00 

Estimatedfor Jnne, 1891 ^ 3,065,000.00 

Total for fiscal year ending June 30, 1891 107, 655, 175.00 

Total value of imports (free) from foreign countries: 

For 11 months ending May 31, 1891 11,074,559.00 

Estimated for June, 1891 1,200,000.00 

Total for fiscal year ending June 30, 1891 12,274,559.00 



Total value of imports (dutiable) from forei<;u conntries: 

For 11 months ending May 31, 1891 

Estimated for June, 1891 



Total for fiscal year ending June 30, 1891 



Total value of imports (specie) from foreign countrit's : 

For 11 months ending May 31, 1891 

Estimated for June, 1891 



Total for fiscal year ending June 30, 1891 



6,340,018.00 
450,000.00 

6,790,018.00 



503,571.00 
48,000.00 

919,588.00 



Grand total of imports (free, dutiable, and specie) : 

For 11 months ending May 31, 1891 17,918,148.00 

Estimated for June, 1891 1,698,000.00 

Total for fiscal year ending Juno 30* 189 1 19, 616, 148. 00 



Duties collected : 

For 11 months ending May 31, 1891 . 
Estimated for June, 1891 



Total for fiscal year ending June 30, 1891 . 



1,887,385.51 
125,000.00 

2,012,385.51 



Miscellaneous collections : 

For 11 months ending May 31, 1891 . 
Estimated for June, 1891 



59,086.04 
6,000.00 



Total for fiscal year ending June 30, 1891 . 



65,086.04 



Approximate value of plant belonging to the United States and used upon the improvement 
♦ of Mississippi liiver, fourth district. 



Class of property. 


Approxi- 
mate value 
June 30, 
1891. 


Claas of proiKjrty. 


Approxi- 
mate value 
June 30, 
1891. 


Rtflamer General Newton 


112,000 , 
4,000 I 
6.500 
0,000 1 
3,500 
2,000 , 
10,000 1 
12,000 ' 
12,000 
45,000 
2,m 


One "warehoase barge 


$200 
200 


St4>ani Ifliinch Riihv 


Fifteen row boata 


Kt4^ttni tii|5 (leneral ( joiimtock 


Tools and a))pliance8 


16,000 


Steam tug Tilda 


Office fnniiture 


1.500 


Steam launch AlQHka 


Surveying inHtrunii'utH . 


2 600 


Steam launch No. 5 


Drawing Tnstruini'ntH 


200 


One dredge boat 


Railway caru and trarkw 


1.900 


Fonr duini) scowa ... 


Miscellaneoas, rock, lumber, et*' . . 


58,000 


Five Quarter hoata 


Total 


Twentv-six bareea 


195,800 


One warehouae barge .-. . . 









NoTB.— One dredge boat borrowed from the third district, Missisaippi River. 
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Lint of civil engineeri employed on icorks of improvement in charge of Firat JAemU Jokm 
Millie, Corps of Engineers^ during the fiscal year ending June SO, 1891, under rtttr amd 
harbor appropriation acts of August, 1886, August, 1888, and September, 1890. 



Name and residence. 



! Time em- 
ployed. 



H. S. Douglas, New Orleans, 

La. 
W. G. Prioe, Simmsport, 

La. 

W.J. Hardee, New Orleans, 
La. 



William Garvin. 
G.Ed. Mott 




Compen- 
sation. 



$175 
200 
175 
200 
150 

175 



1.% 
140 



Where employed. 



New Orleans 

Levees 

> Simmsiwrt, La 

Fourth district Mis- 
sissippi. 
Levees 

New Orleans, La 

SimmsiM>rt, La 



Works on which emplojed. 



New Orleans Harbor. 
Iiereee Tenaaa Baaia. 

Sod imd AtohaHalaya riven. 

Sorveya. 



Ganges and 

levees right and lelt bank 

below Sed Rir^r. 
New Orleans Harbor. 
Ke<l and Atchafalaj^ rivers. 



Accompanying and forming part of this report are the following rejKirts of assist- 
ants : 

Report of Assistant Engineer H. S. Doaglas, on levees, snrrey at Natchez, Miss., 
and VidaUa, La., gauges. • 

Report of Assistant Engineer W. G. Price, on improvement of Red and Atcha/a- 
laya rivers, surA'eys, gauges, and obst^rvations. 

Report of Assistant Engineer W. J. Hardee, -on levees right and left banks below 
Red River. 

Report of Assistant Engineer William Garv'iu, works of improvement, New Or- 
leans Harbor, La., surveys, gauges, 'and observations, protection of levees right 
and left banks below Red River. 

REPOUT OF MR. H. 8. DOUGLAS, ASSISTANT RNGINEKIU 

New Orleans, La., Jiifis 6, 1S91. 
Sir: I have the honor to submit the following report upon the work of which I 
have had immediate charge during the year ending May 31, 1890: 



levees TENSAS BASIN. 
CONSTRUCTION. 

On June 1, 1890, no work was in progress. The United States levees were gener- 
ally in fair condition, there being but one break in Lake Concordia Levee at Fer- 
riday. There were two other gaps in the line of levees on the Tensas Front, but 
they were not in United States levees. 

From November 9, 1890, to December 14, 1890, under allotments made by the 
Mississippi River CoumilBHiou, the following levcfs were advertised, bids received, 
awards made, and contracts entered into: 

Cubic yards. 

1. Bedford Levee (606 R.), about 30,500 

2. Buckridge Levee (624 R.), about 100, 0(W 

3. Kempe Levee (659 R.), about 40,000 

4. Gibson Landing Levee (683.5 R.), about 330,000 

5. Ferriday Levee (693 R.), about 75,000 

«. Amauldia Levee (702 R.), about 20,000 

7. Henderson Levee (712 R.), about 55,000 

8. Deer Park Levee (722 R.) about 75,009 

No forther -mention of Buckridge Levee will be made in this report as the contract 
was closed out under modification of original agreement, no construction work hav- 
ing been commenced. 

The weather during January and Febmary was very unfavorable, delaying opera- 
tions considerably. The only levee completed in the original contraot time was 
Amauldia, which was a small affair, but all of the levees except Henderson to close 
actnal gaps were completed either before qt during high water. In general temi5, 
considering the lateness of the season when work was commenced, and the early rise 
of the river, the rosults liavo been very satisfnctory. 

Levee surveys have been made at several points, either for present or prospective 
construction. In all 30 miles of levee line have bcm staked out and leveled, and 
8.9 miles of old levee have been traversed to locate same on maps. 
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The organizatiuu and pevBonnel employed Iuih cousisted of one assiBtant in local 
charge, one general inHpector, and hix resident iuHpectore. The duties of the assiHt- 
ant were the usual duties of an usRistant cngmeor. The general inspector was unih'r 
hie immediate orders and a45ted as his assistant. The resident inspectors were sta- 
tioned on the different levees to see that the specifications were observed and made 
regular reports as to the force employed, progress etc. 

The general condition of levees on Tensas Basin, fourth district, at date of this 
report may be considered satisfactory and showing a steady improvement so far as 
restraining the river during high water is concerned. But one crevasse has occurred 
during the year^ and it was an insignificant affair that was soon closed. This break 
was located in Lake Concordia Levee within 1,000 feet of the crevasses of 1884 and 
1890. With this exception, and the Henderson Gap which the contractors failed to 
close before the high wat-er of 1891, the line of levees is continuous from the head of 
the district to Fairview, the present terminus of the public system. The caving of 
the river banks will undoubtedly cause other gaps during the low- water season. 

SUMMARY. 

Miles. 

Length of levees under construction 6. 7 

Length completed to date 4.7 

Length of levee lines surveyed 30 

Old levees traversed 8. 9 

PROTKCTION. 

About February 15 the river had reached a dangerous height on the Tensas Front, 
and there were serious apprehensions of a destructive flood. 

On February 16 the steamer General Newton, belonging t-o the work of improving 
the harbor at New Orleans, left for the threatened locality, to assist in such protec- 
tion work as might be necessary. She had on board 20,(N)0 sacks. Additional sacks 
were sent when required. 

The boat arrived on the Tensas Front on February 19, and immediately commenced 
patrolling the river and inspecting the levees between Warreuton and Fairview, 
Such outfit as was considered necessary, in the way of wheelbarrows, shovels, and 
run plank, also a quarter boat and a small barge, were borrowed from the Atchafa- 
lay a work. 

Later on, when the Newton was required elsewhere, the United States steamer Thoa. 
B. Florence, kindly loaned by Capt. J. H. Willard, was engaged on the work. 

Contrary to general expectation, the flood of 1891 did not reach the height of that 
of 1890 on the Tensas Front, fourth district. At Vicksburg it was 1 below, at St. 
Joseph, 1.3 below, and at Natchez 2.1 below. 

The flood remained 94 days above the danger line at Vicksburg, and 68 days above 
the danger line at Natchez. 

In consequence, although considerable work was required, no raising of levees was 
necessary. None of the levees were overtopped. 

Commencing at the head of the district, the first levee requiring work was — 

Point Pleasant Levee (621.5 R.). — For a distance of about one-half mile on Lake Pal- 
myra this levee is exposed to wave wash, and it was protected with dacks, the cost 
for labor being about $151.70. 

Hard Times Levee (631 R.). — ^A small amount of work was necessary at salient angle 
where the rapid correut had commenced to wash away the embankment. The cost 
of labor for this work was $8. 

Kempe Levee (659 R.). — This levee was the -cause of more trouf>le, anxietv, and ex- 
pense than any otiier portion of the line. The river rose over the bank before the 
new levee had been completed, and itT was necessary to build a small protection levee 
to hold out the river until the main line was completed. The attempt was success- 
ful. The new main levee was composed of loose sand, and when the water came 
against it it showed signs of weakness. A continuous seepage ditch was dug on the 
land side, and the river slope was sacked. Valuable experience was gained, the dit«h 
especially being of the greatest benefit. With the completion of this work Kempe 
Levee was thought to be reasonably safe, but the river bank in front commenced to 
cave rapidly, and on March 26 it threatened to cause a breach by caving in thejunc- 
tion of the new and old leveos. A short piece of levee was hastily staked out to 
cover the threatened point, a force put to work, and a rough piece of embankment 
completed by April 10. This was an expensive piece of work, as the entire front 
slope was heavily sacked to prevent injury from rush of water should the front levee 
cave in. In the meanwhile a very large and dangerous sand boil had developed at 
the upper end of the old Kompo Levee. It was partially checked by a liberal use 
of sacks. All the work done wa« successful, and its total coet^ fof labor was about 
f4,400. ' 

J5pa 9J-- — 333 
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Gih$on Landing Levee (683.5 R.)* — The old levee in front showed signs of weakne^ 
and a coffer dam of sacks was hjiilt to close a dangerous crawfish hole. This cost 
for labor about $25. 

Lake Con4}ordiaf inoludin^ the new Ferriday Levee (693 R.)* — Ab at Kempe, the new 
Ferriday LeveO; to close the crevasse of 1890, was not completed before the river rote 
over the bank, and it became necessary to build a protection levee to hold ont th« 
water until the now bank had been raised to a safe height. The work was 8U€t*(«.s- 
ful. Witii the continued rise of the river the Lake Concordia Levee commenced to 
show signs of weakness, and considerable work was done in the way of sackine to 
prevent or remedy wave wash, and earth was wheeled in on the river side to cl(«e 
some of the crawfish holes. By tiie latter part of April the river having commenced 
to decline, all danger was supposed to be over, and the protection force was with- 
drawn. On tho night of May o, a break occurred from some unknown cauae within 
1,000 feet of the breaks of 1884 and 1890. Fortunately, it was not nearly so disaa- 
trous as its predecessors. Owing to the rapidly -falling river and certain topographi- 
cal features, it only attained a width of 97 feet by a central depth of 12 feet. Cir- 
cumstances indicated that there was a reasonable prospect of success in an attempt 
to close it. Work was therefore begun, and the break successfully closed with & 
sack dike on May 18. Including the cost of closing the break, the work done on 
this levee cost for labor about $1,800. 

Amauldia Levee (702 R). — ^The levee bciug new and exposed to wave wash, had to 
be sacked on the front at a cost of about $11. 

Henderson Levee (712 R). — The sudden rise of the river found this work in a very 
backward condition. On February 22 the river had risen over the bank at this 
point, and was only held ont by an insignificant ridge of sand hastily thrown up by 
the contractors. A lar^e portion of the main line of levee was practically nntoached, 
the ground in the vicinity was inundated, and the river rising rapidly. The situa- 
tion was evidently hopeless, but a few sacks were used to reinforce tne small ridgt^ 
which had been thrown up in front. As anticipated, this was of no avail, and on 
the night of the 22d the river rose over the bank, and ran through the nnclosed gap 
of 1890. 

Deer Park Levee (722 R). — Here, as at several other points, the main line of levee was 
incomplete, and it was necessary to build a protection levee to restrain the riTM" until 
the new levee was completed. The quarter boat borrowed from the AlK^hafalaya 
work was stationed at this point, and with a force of men and outfit, work was car- 
ried on successfully and economically. Two protection levees were built. The one 
in front about 3,000 feet long to temporarily close the main gap in the old levee, ami 
the other running from a point on the new levee where it was completed to the old 
levee. The front line held until the new levee was almost completed, and when it 
was overtopped the second line restrained the water so saccessfuHv that a portion 
of the new Deer Park Levee was not touched by the flood of 18^1. The cost of 
labor on this work was about $1,200. 

The only material used on protection work was sacks, of which 44,000 were used, 
distributed as follows : 

Point Pleasant 2, 000 

Hard Times 1,000 

Kempe 16,700 

Gibson Landing 1,000 

Lake Concordia 17,000 

Amauldia 1, 000 

Henderson 800 

Deer Park , 4,500 

Total 44,000 

SURVEY eF THE MISSISSirPI IlIVKRIN THK VICINITY OF NATOIIKZ, MISSISSIPPI, AND 

VIDALIA, LOUISIANA. 

The survey was commenced in the early part of February, but operations were soon 
suspended on account of high water which overflowed the banks. In the latter i>art of 
May, when the water had fallen sufficiently, the survey was resumed and is just com- 
pleted. The field notes have not yet been entirely platted, but will be in a few days 
when detailed report will be submitted. 

GAUGES. 

The followin|]r Mississippi River Commission gauees in the district have been in- 
spected and corrected <laring the latter portion of the period covered by this report 
Bt. Joseph, Bayou Sara, Plaquemiue, College Point, and Fort Jackson on tho Miesifr- 
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sippi River; Barbre Landing and Sugar House Chute (the latter recently estab- 
lished) on Old Rivej, and Simmsport and West Melville on the Atchafalaya. 

The general condition was found to be good^ and although in many instances the 
permanent or regular gauge staffs had been destroyed by caving banks or other 
canses, the observers had replaced so closely that no material error was found. 

Some improvements in the line of permanency can be made, but a careful instru- 
mental inspection made twice a year, say just before extreme low water and before 
extreme high water, will render the service accurate and effective within the ordi< 
nary and practicable limits. 

Very respectfully, your obedient servant, 

H. S. Douglas, 
Assistant Engineer, 
Liont. John Millis, 

Catys of Engineers, U. S. A. 

BBPORT OF MR. W. O. PRICE, ASSISTANT ENGINEER. 

TuRNBULL Island, La., June 4, 1891. 

Sir: I have the honor to submit the following report on the work of improvement 
at the junction of Mississippi, Red, and Atchafalaya rivers, covering the period from 
June 1, 1890, to May 31, 1891. 

• On June 1, 1890, the condition of the work was as follows : There had been com*- 
pleted dams Nos. 1 and 3 in the Atchafalaya and the sill for the dam to deflect the 
Red to Upper Old River, and none of these works had been injur«;d during the pre- 
ceding high water. The plant was laid up at Simmsport and had been put in good 
condition, except that the repairs to the tug Comstock were not complete. The re- 
pairs to the Comstock were completed June ^. 

lower old river. 

The dredge Pah- Uie was towed te Lower Old River August 4, and was employed 
in cutting a channel through the hard clay ridges and deposited the material on one 
side of the cut. The dredge was kept at work till September 8, when the channel 
had been out out so navigation was good. From that date te October 18 the crew 
were at work rebuilding parts of the dredge and machinery so as te increase its ca- 
pacity. On October 18 it began cutting through a mass of clay in the channel which 
had slid in from the bank near Dead Tree. The improvement's made to the dredge 
increased its capacity te 150 cubic yards per hour, and eliminated most of the causes 
of breakdowns. A considerable time was lost in moving the dredge to the several 
clay ridges, and from August 28 to September 1, owing to the swift current, the 
dredge oonld not be held m position for work. At no time was the river closed to 
navigation, although from the 8th to the 26th of August steamboats had some trouble 
in getting through, and for a day or two there was only 2^ feet of water over the 
sand bar near Dead Tree, but this bar soon cut out and navigation became good. 
Six steamboats passed through during the lowest stage, and they wore assisted with 
United States barges, which were used as lighters. The lowest reading on the Red 
River Landing gauge was 8.8 feet on August 23, 1890, and the lowest on Barbre's 
gauge was 5.3 feet on August 25, 1890. 

The average depth of Lower Old River has increased during the year, and the 
banks on the bar sides have become higher and steeper, so the water has been better 
confined to produce scour in the channel. 

repairs to sill dams nos. 1 and 3, IN THE ATCHAFALAYA RIVER. 

Since the last high water the shore ends above low water of sill No. 3 were ii^jured 
by the earth sliding down a little on each side of the river below the dam, so as to 
tear the mat apart and leave cracks, from 1 to 4 foot wide, the wi<lest part of the 
orack or gap being at the downstream edge of the mat. There were two gaps on the 
right bank and one small on9 on the leu bank. At sill No. 1 the mat above low- 
water, on the left bank, being partly rott-ed, had been broken away a little at the 
upstream edge by the swift current. These gaps in the shore mat« were repaired in 
October and January by covering them with small mats well ballasted with rock. 

RED RIVER DAM. 

The work of constructing crib mats for the dam was begun October 25. The mats 
were all 3| feet thick, and wjore constructed in the same way as the mats had been 
for the 8ill» The first course o^ mats in the dair was 148 feet wide and 410 feet long. 
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The second conrsw wjw 132 feet wide and 702 feet lonpf. T!ie thinl coarse, whicli 
ivacliod only part way across the river, was 104 feet wide and 204 fe^t long. Each 
course was composed of mats 68 feet wide, wire<l together, and was sunk across the 
ciirreut fntni one side of the river to the other. Tlie mats were ballasted with rock. 
Before the firat course was sunk the sill was r^)vered with a layer of hard blue rla7, 
2 feet thick, which was dredged at the head of Upper C-hnte and transported in dump 
scows. When the work of sinking mats on the dam w;i8 finished the crest was nearly 
on a level with the zero of Barbre*8 guage. Since then the dam has settled so the 
lowest point of the crest is 7^ foot below Barbre's zero. This settling is probably 
duo to the compressing of the mats and clay iilling, as a large amount of rock has 
'been used. We have on hand 54,rK)0 square feet of mattress, which was constmeted 
in January and could not be sunk, owing Ui the lack of rock at the time and high 
water siiu'e. This will be sufticient to complete the third course of mats in the dam. 
Thf«e mats wi«re built out of willows which were cut here for New Orle^ans Harbor, 
but they could not be used there on account of the rising river. They have l>ecu 
lied to the bank in (he swift^wt part of the current near the dam, and have not sank 
very low from the sediment collected. Only one mat has had to have the sediment 
washed out to keep it afloat. 

OPENING UPPER OLD KIVKK. 

• On December 4 the dredge Poh-Ute began work in Upper Old River at the end of 
Sugar House (-hute. The material dredged was deposited on one side of the cot 
through a long chute. On Uceembcr 17 the Pah-Ul*'WSkS moved to the head of Turn- 
bull Island, and the crew were employed in repairing and improving the dredge 
Menge, which had arrived from Vicksburg on December 11, having been borrowed 
from the third district. 

On December 2-1 the Pah-UU began digging through a shallow place in Sugar 
House Chute, aild continued at work till January 12, when the water became too 
deep for the dredge to work. The improvement's on the Menge being nearly com- 
idetcd it was moved to Sugar House Chute on January 27, and excavated 515 cubic 
yards in 3 hours, but being out of coal, and having no steamboat to move dimip 
scows, the crew were employed in making further ini]>rovements. On February 2, 
having re<'eived a little coal, the Mcnfje excavated 750 cubic yards, which was cor- 
delled away in a dump scow by hand, and dumped by the crew of the dredge, so the 
dredge was at work only a small portion of the day. From that time till February 
20 the crew continued working on improvements to dredge. The material which 
was excavated by the Pah-Vi^. and d«»]>osited on one side ot the cut wa« a very soft 
clay mixeil with very fine sand. While the droilge was at work considerable of the 
material slid back into the cut, and it has since nearly all slid back so the channel 
is very litthi deeper than before. When we began dredging in this river this year 
the slioalest place was at the eastern end of Sugar House C^ute where the Pak-TJU 
had made a cut through the year before, and part of the material had been carried 
away in dump scows. When the chute was dry last summer nearly all traces of this 
cut had disappeared. By souipling through the wh<de length of Upper Old River 
with a h»ng pole, I found the. mat(*rial to be all about the same as that which has slid 
into the cut made by the dredge. 

CANAL THROUGH CARR POINT. 

The proposeil route of this canal starts from Upper Old River at a point 2,000 feet 
from the foot of Turubull Island, and enters the Mississippi at a point 6,000 feet from 
the mouth of Old River, and it is 5,000 feet long. The rout-e is covered with willow 
trees from 6 inches to 18 inches in diameter. No a tteui]>t has been made to detennine 
the kind of mat<vrial to be excavated except at the Old River end, where the Pah-Utf 
cut in about 200 feet and found hard clay to a depth of 10 feet with coarse sand 
underneath. The route of the canal has not been cleared of trees except at the 
Old River end, where it has been cleanMl 150 feet wide for a distance of 500 feet. 
This was done in February when the water was so high part of the tre^fl had to he 
cut by men in pirogues, and they will lie where they fell, and no stunqis have been 
pulled out. On January 20 the Pah- fie began cuttiiig at the Old River end of the 
canal 'to show what she could do, the material being d<'positcd on one side of the cut. 
With the crane down 10 feet the buckets had t-o cut ott' the big stumps, and many of 
the buckets were broken in trying to do so. Then the crane was lowered to 16 feet, 
and at that depth the buckets could cut off the stumps easily, because they were 
much smaller, hut the stump after being cut off st-ood up in thebucket and punched 
the bottom out. These willow trees began to grow when the land was some 20 feet 
lower than it now is, and the part buried by the tilling of the ground must have 
coutiuued to grow, as they are nearly full size to a depth of X4 W4?t. The Pftk-Utf 
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tirorked in tliis place till February 10, a large patt of the time being consumed in re- 
pairing broken buckets. On February 20 tne dredge Menge was placed in the cut of 
the canal made by the Pah-Ut€y and where of course there were no large stumps. 
That was done as an experiment to see what the Menge eon hi do, and slie excavated 
4,195 cubic yards in 10 hours and 50 minutes and deposited it on one side of the cut. 
On account of tlie trees and stumps it was impossible for the dredges to work, and 
on February 27 tliey were towed to the head of Turnbull Island aiul Ijiid up. 

RRPAIRS TO DRKDGK MENGB. 

This dredge amved from Vicksburg December 11. Before it could be used many 
improvements, changes, and repairs to machinery had to be made. As originally 
constructed the dredge could not do good work, and the improvement's which had 
been made, although necessary, were of but little beuetit. First the quarters were 
reconstructed and enlarged so a crew could be comtVu-tably quartered and subsisted 
on the boat. All the buckets were rebuilt, the shape being changed and the cutters 
made to work loose on a hinge between stops. The roller track designed by Capt. 
Dan C. Kingman was entirely rebuilt of new material, the old construction was not 
in accordance with Captain Kingman's design, and the workmanship was so bad it 
would not work. All the idlers had to be cnanged and two additional ones put in. 
Each pair of idlers work on one shalt, and it is necessary in elevator dredges of 
this kind to key one of the pair to the shaft, and as the parts of the chains were not 
quite even in length, there was constant slipping on the idlers, and the strain pulled 
out sprocket teeth and helpeil to stretch the chain out of shape. Then both idlers 
had been run loose on the shaft, and as the shaft did not turn the sand cut the idler 
hubs and shaft badly. New chimneys were put up, as the old ones were full of holes 
and ready to fall. The bucket chains having been badly stretched, were adjusted 
as far an possible, but can never be made perfect again; and there will alwaj'S be 
trouble from them till they are worn out and new ones substituted. New sprocket 
teeth and a sprocket-wheel shaft were put in, and many other improvement's made. 
This dredge hiis not been used much since it was remodeled, but when tried in the 
Carr Point Canal it excavated about 4,000 cubic yards in 10 hours. AUowii^g for 
break-downs, which all dredges seem to be subject to, with a crew that i-an handle 
this form of dredge, I think it can 'average 2,000 or more cubic yards per day of 10 
hours. 

MISCELLANEOUS. 

All of the plant, except 6 large barges and 5 smaller ones, is in first-class condi- 
tion, a good deal of repair work having been done. The 6 large barges will be re- 
paired at once, and the 5 smaller ones, which are 8 years old, can be used another 
year for light work, and will then have to be condemned. 

The Red River dam is in good condition, and no further settlement has taken place 
during the high water. No examination of the dams in the Atchafalaya under water 
has been made, but as far as is known they are in good condition. 

A topographical survey of Carr Point, extending from the Mississippi to Upper 
Old River was made in July in order to locate the route of the proposed canal. 

A resurvey of the Simmsport Reach of the Atchafalaya was made in Septeuiber. 

MeasurenuMit of the discharge of the Atchafalaya at Simmsport and of the Missis- 
sippi at Red River Landing during the high water were made with current meter 
number 23, using the launch AJanka. Slope observations were also very accurately 
taken, using instruments of my design, wnich enabled the party to read the eleva- 
tion of the water suface very aceviratoly, but no levels have been taken between the 
slope gauges, so the slope is not known. 

Some work has been done towards constructing a telephone lino from Turnbull 
Island to Melville on the Texas Pacific Railroad. The necessary poles have been cut 
and part of them delivered at Simmsport and much other material purchased, but 
there being no steamboat available to distribute the poles np work on the line has 
been done. The work of constructing the line will begin in a few days. 

Statement of coat of the different worJcs, 

LOWER OLD RIVER. 

Dredge Pah- Ute excavated 23,492 cubic yards, at 13.7 cenis $3, 223. 51 

Proportion of repairs to dredge during the year 530. 27 

Services of steamer Buby and proportion of supervision, care, and repair 

of plant 1,821.28 

Total for keeping open a navigable channel 5, 575. 06 
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BSD RIVER DAM. 

589,036 cubic feet of mattress in place, at 2.99 cents $17,6^.59 

1,830.7 tons of rock placed on top of dam, at $2.04 3,732.64 

6,645 cubic yards of clay under first conrse^ at 15 cents 995. 10 

898,926 cubic feet of material in place, at 2.49 cents 22, 383. 33 

Proportion of supervision, care, and repair of plant 12, ♦SO. 91 

Proportion of repairs to Fah- Vte while digging clay 163. 6i> 

898,926 cubic feet in place, all expenses included, at 3.9 cents 35, 197. 84 

Cost of spur levee on left bank 3.56. 32 

Cost of rock stored 22,299.17 

Cost of mattress on hand 5, 872. 73 

Total cost this year^ iucluding material on hand 63, 718. (i6 

755,400 cubic feet of mat in place last year, at 2.5 cents 20, 122. 15 

407,720 square feet of shore protection last year, at 5.7 cents 23, 324. 12 

Total cost of dam to May 31, 1891 107,164.33 

UPPER OLD RIVKR. 

Dredge Pah- Vie excavated 31,717 cubic yards, at 3.2 cents 1, 027. 24 

Dredge Ment/e excavated 750 cubic yards, at 3.2 cents 23 .93 

Proportion of repairs to Pah- Ute during the year 172. 79 

Proportion of repairs to Menge during the year 1, 669. 36 

Proportion of supervision, care, and repair of plant 593. 91 

Total expended in cleaning out channel 3, 487. 23 

CANAL THROUGH CARR POINT. 

Dredge Pah- Vie excavated 5,272 cubic yards, at 8.4 cen tH 440. 92 

Dredge Menge excavated 4,195 cubic yards, at 5.5 cents 229. 76 

Cutting out lines and clearing timber from route 238. 97 

Proportion of repairs to Pah- Vie during the year 147. 58 

Proportion of repairs to Menge dnring the year 1, 443. 92 

Proportion of supervision, care, and repair of plant 513. 95 

Total expended on the canal 3, 015. 10 

RRPAIRS TO DAM IN THK ATCHAFALAYA. 

Wages, subsistence, and service of boats 216. 04 

46 cords of willows, at $1.637 75.30 

690 feet lumber, at $15 per M 10.35 

100 pounds of nails, at 3 cents 3.00 

92 tons of rock, at $2.50 230.00 

61 tons of rock, at $1.918 117.00 

Proportion of supervision, care, and rci»iiir of plant 566. 76 

Total expended in repair of dams 1, 218. 45 

SURVEYS. 

Wages, material, subsistence, and services of boats 658. 27 

Projiortion of supervision, care and repair of plant 371. 9t2 

Total expended on surveys 1,030.19 

TELEPHONiS LINE. 

Wages, subsistence, material, and services of boats 1, 169. 52 

Proportion of supervision, care, and repair of plant 660. 78 

Total expended on telephone line 1, 830. 30 
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SUB8I8TRNCE. 

Average coat of a raw ration $0. 345 

Average cost of a ration cooked and served with ico 0. 515 

Coat of care of plant 11,694.33 

Coat of repairs to plant 19,792.71 

Total expended on this work this yotir 80, 405. 59 

Value of plant 96,425.23 

Value of expendable material on haD<l 49, 175. 33 

Discharge observations in the Mississippi Hirer at Natchez, Mississippi, March $4 <# 

April 16, 1891. 

[B. J. Oliveira, observer from March 24 to April 4; G. £d. Mott, observer from April 4 to April 10 
1891 ; E. O. Harris, recorder. All compalationa by 61. £. Mott.] 



Direction and force of wind. 



Calm 

D<) 

Strong ; II pMt ream — 

Calm 

Do 

Liffht; npAtrcaiii — 
Brink; downatream . 
Strong ; apatreani — 
Strong; downstrfani 

Brisk; upatream 

Calm 

Brisk; npstream — 
Lieht; upstream — 
Brisk; upstream — 
Strong; npstream — 

Calm 

Light; upstream 

Strong; upstream ... 

Calm 

Light; upstream 



Date of 
observa- 
tion. 



Mar. 24 

Mar. 25 

Mar. 26 

Mar. 27 

Mar. 28 

Mar. 29 

Mar. 30 

Mar. 31 

Apr. I 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 

Apr. 11 

Apr. 13 

Apr. 14 

Apr. 15 

Apr. 16 



Total area. 



Sguarefeet. 
156. 111. 18 
155, 819. 34 
155,435.07 
156,407,92 
157,719.16 
155, 879. 31 
156, 614. 23 
158. 434. 97 

154. 682. 51 
151.463.33 
148, 178. 93 
151,082.20 
152, 930. 90 
152,581.67 
156,634.19 
148,771.88 
151, 145. 14 

145. 624. 52 
146.992.28 
143, 392. 85 
143,446.83 



Mean , Diachu'geper 
velocity, i second. 



Feet. : 
9.199 
9.680 ; 
8.850 I 
8.962 - 
9. 187 
8.787 I 
9.762 i 
9. 474 ! 
8.953 , 
9.646 ; 
9.154 ; 
9.183 
8.922 
9.004 
9.039 
9.356 
8.963 
9.152 
8.983 
9.230 
8.457 



Cubic feet. 
1,436.095 779 
1.508,425.248 
1,877.029.486 
1,401,734.867 
1,449,040.903 
1,360,759.453 
1, 528, 869. 825 
1,501,073.118 
1,384,982.380 
1,461,096.365 
1, 356, 549. 870 
1, 387, 472. 671 
1, 365, 455. 050 
1, 387, 580. 671 
1,415,875.764 
1,391,993.205 
1,354,772.461 
1, 332, 863. 933 
1, 320, 537. 708 
1, 323, 600. 817 
1,213,252.174 



Natohes 
gauge. 



46.10 
46.10 
46.20 
46.15 
46. 15 
46.18 
46.15 
46.30 
46.35 
46.38 
46.38 
46.40 
46.40 
46.35 
46.35 
46.38 
46.50 
46.45 
46.38 
46.35 
46.30 



Area below 
sseroof 
Natchez 
gauge. 



69, 101. 38 
68,576.64 
67. 928. 77 
69.206.43 
70,344.41 
67,934.42 
67,702.70 
69,213.93 
66,514.63 
62,360.24 
61,536.46 
62.422.93 
64.100.57 
65,530.88 
68, 224. 81 
61,728.89 
63.986.95 
68, 947. 64 
60,944.11 
58,422.31 
56,960.31 



Discharge observations in the Mississippi River at Red River Landing, Louisiana, March 

10 to April 20, 1891. 

[6. Ed. Mott, observer from March 10 to April 2, and on April 20; W. 6. Price, observer from April 7 to 
April 16, 1891 ; R. Y. Briggs, recorder; computations by G. Ed. Mott and K. Y. Briggs.] 



DinH'.tiou and force of wind. 



Calm Mar. 10 

Do Mar. 16 

Do Mar. 18 

Do j Mar. 20 

Brisk : upstroaiii i Mar. 24 



Date of 
observa- 
tion. 



Strong, flownntreum . 

Di) 

Light: upstream . 
Calm 

Do 

Lijs^ht ; upstream . 
Brisk; upstream.. 



Mar. 27 

Apr. 2 

Apr. 7 

Apr. 10 

Apr. 13 

Apr. 16 

Apr. 20 





Mean 


Total area. 


velocity 




per 




second. 


aii.xVt.so 


Feet. 


5.232 


211,682.17 


5.333 


211,005.72 


5.335 


2i:i. 579. 40 


5.323 


215, 487. 36 


5.393 


212, 980. 82 


5.452 


215.4GG.21 


5.424 


21.1.281.49 


5.447 


219. 078. 19 


5. 248 


221,480. 14 


5 214 


220. 396. 74 


5.178 


224,711.42 


5.022 





Red 


Discharge per 


River 


second. 


Landing 




gauge. 


ChOnefeet. 


1,104,006.553 


43.15 


1, 121, 616. 571 


44.53 


1, 122, 656. 247 


44. 82 


1, 128. 482. 979 


44.98 


1, 153, 868. 085 


45.03 


1, 152, 666. 526 


45.03 


1, 159, 852. 177 


45.17 


1,1.'>3.300.857 


45.21 


1.140,914.812 


45.37 


1, 146, 740. 696 


45. 47 


1.132,261.215 


45.44 


1, 120, 078. 854 


45.40 



Area below 
zero, Red 

River Land- 
ing gauge. 



50, 320. 27 
41,343.35 
43, 147. 32 
44, 7 12.08 
45, 969. 71 
44, 668. 25 
46,311.62 
44, 520. 31 
4ft, 679. 52 
5l.05<)..>9 
49, 653. 81 
51. 937. 25 
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Discharge ohservatiana in the Atchafalaya River at Simmspart, Lavinana, jUivrdk 9 U 

Jpril g7, 1892. 

[O. Ed. Mott, observer from March to March 30, and April 17} W. 6. Price, obeerver Aprfl 4 to 
April 15; R. T. Brigga, observer April 27, 1881. Computations by G. Ed. Mott and £. C. Bank 
and C. A. Yenas.] 



Direction and force of wind. 


Date of 
observa- 
tion. 


Total area. 


Mean 

velocity 

per 
second. 


Discharge per 
second. 


Siimns- 

pert 
gnnge. 


Aresbdbw 
seroof 
Simiiis 

pottgMge. 


Calm 


Mar. 
Mar. 13 
Mar. 17 
Mar. 19 
Mar. 23 
Mar. 25 
Mar. 28 
Mar. 30 
Apr. 4 
Apr. 6 
Apr. 9 
Apr. 11 
Apr. l.** 
Apr. 17 
Apr. 27 


59,906.60 
59,026.20 
60,448.90 
60,066.70 
63,095.82 
64, 328. 75 
63,588.07 
63,217.80 
64,072.82 
64,114.86 
W. 476. 60 
63, 617. 60 
&4, 303.05 
63.612.02 
63,922.15 


4.001 
4.509 
4.587 
4.776 
4.766 
4.761 
4.601 
4.783 
4.781 
4.796 
4.777 
5.038 
4.843 
4.790 
4.877 


Ouhic/Mt. 
239,602.383 
266,165.662 
277,303.343 
286,019.367 
300,756.060 
306, 260. 243 
298,324.261 
802,382.327 
306,371.529 
307,531.740 
308,011.678 
320,545.792 
3U, 443. 216 
306,281.846 
811.79L003 


40.52 
41.60 
42.40 
42.63 
42.81 
42.88 
42.84 
42.87 
43.00 
43.03 
4a 08 

43. aa 

43.28 
43.29 
43.31 


26,818.52 
2S.114.«0 
25.585.&' 
25,28L4': 
27.577.151 

28.be^4: 


Do. 
Do. 
Do. 
Do. 
Light ; downstream 


T.ii?ht' uDfltrc^am 


28, 152. M 


StroDfiT : uustreiuu 


27,777.70 


cim^.- ...:.::--.:.-. 


28,474.49 


StrofiiT' iin!^tr<M4in . . . 


28,386.25 


Do. 

Calm 

Xiictht ; upstream 


28,657.fl 
27.909.W 
28,437.S4 


Do. 
liiflrht' clowiistr^ftm • • 


27.7iaS 
28,238.3 





Very respectfuily, 



Lieut. John MillIs, 

Corps of EnginetrSy V. S. A. 



W. G. Price, 
U. S. ABBistant Engineer. 



REPORT OP MR. W. J. HARDEE, ASSISTANT ENGINEER 

New Orlfans, La., June li, 1S9L 
'report upon 
had imme<iiate charge during the year ending May 31, 1890 

LEVEES 



Sir : I have the honor to submit the following report upon the work of which I have 
■• Ma 



RIGHT BANK BELOW RED RIVER— CONSTRUCTION. 

On June 1, 1890, there were no funds for, or property belonging to, levee work in 
this district. During the month of 0<*tober, 1890, the Miaaisslppi River CommissioD 
allotted $112,500 for levee purpoRes. During the early part of December the sanif 
year that amount was increased to $130,500, of which 5 per cent, waa reserved A»r 
protection work and 10 per cent, of the balance for contingencies. 

New lines of levee at Nina, Highland, Barroza, and Evergreen were recommended 
for construction to provide for breaches threatened in the existing lines by cavin^r 
banks. The Louisiana State Board of Engineers had made preliminary surveys and 
approximate estimates for new levees at each of the named places. It was deemed 
advisable to revise these locations, which was done between December 8 and 10, 1890, 
by the United States after it had assumed charge. 

Nina Xepcc.—This levee by the line of December 8, 1890, was 6,115 feet long and 
required 76,500 cubic yards for its construction. The contract was let to S. L. 
James, jr. 

On November 20, 1890, the contractor promptly moved a force to the levee. The 
owners of the Nina plantation and the residents of the village at Cook Landing, 
through which the line was located, opposed the construction of the levee on the 
line selected. Pending an investigation of the opposition the contractor was fur- 
nished construction notes from station 40 to station 62 plus 15, a distance of 2,2b 
feet. 

On January 28, 1891, you visited the locality and selected a location which putftU 
of Cook Landing village and the Nina plantation sugar mill and annexes on the river 
side of the line. This new section^f the line was 44 feet longer than the original 
one, and required 18,826 cubic yards more for its construction. The new locatiou 
was even more objectionable to the owners of the Nina plantation than the original 
line. They endeavored to secure an injunction to restrain the construction of that 
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part of the levee, but owin^ to their insolvent condition their eflForta were unsuc- 
cessful. The people of Cook Landing village interposed no objection to the new 
line. 

The contractor was furnished with only 3,344 feet of construction notes on the 
new line, as it was decided to allow a space of 600 feet to remain ojjen to aii'ord easy 
means for the removal of the Nina plantation buildings from the present jiositiou to 
a point in the rear of the levee. A supplemental contract was ma<le with the con- 
tractor, S. L. James, jr., for the construction of the 600 feet left open, at a date not 
later than February 1, 1892. 

Owing to the late date at which notes for the revised location were furnished the 
contractor was unable to complete his contract within the stipulated time, and an 
extension of 180 days was given him in which to finish the levee. 

On May 31, 1891, there were 5,359 feet of levee completed and accepted, embracing 
72,443 cubic yards, which was all the levee for which notes had been furnished, with 
the exception of 200 feet. That 200 feet is a dike a<ross a deep bayou. On May 3, 
1891, work was well advanced on the dike, and there remained the handling of 
about 5,000 cubic yards to complete it. 

The average height of Nina Levee is 9 feet. It is built with a 6-foofc crown and 
side slopes of 3 to 1. 

The largest force employed on 1 day on this levee was 139 men, 46 mules, 100 
wheelbarrows, and 21 scrapers. 

Highland Levee. — This line, as projected by the Louisiana Statt^ board of engineers, 
was 10,900 feet long and estimated to contain 330,000 cubic yards. The revised loca- 
tion made the levee 10,121 feet long and required 243,000 cubic yards for its construc- 
tion. 

Messrs. Andrews &, Ogden were awarded the contract for this work on November 
20, 1890, and immediately moved a small force t.o the locality. The line was re-run 
subsequent 1o the award of the contract. 

llie allotment of $130,500 was found to be about $28,(XH) short of what was necessary 
to build the four levees recommended. The shortage was applied to this levee. The 
available money allowed the construction of 5,570 feet of levee, for which length of 
line construction notes were issued. 

Owing to the late date at which the work was contracted for and the bad weather 
experienced, added to other unfavorable local conditions, the contractors were unable 
to complete the work within the stipulated time. In consideration of these facts 
an extension of 90 days, or until June 1, was granted them in which to do the remain- 
ing work. During the months of March, April, and May the river was at such an eleva- 
tion as to create a very free transpiration of water through and under *he existing 
levee. This saturated the ground and rendered progress very slow. By June 1. 1891, 
the contractors had constructed 5,170 feet of levee, containing 126,956 cubic yards. 
This work was measured and inspected. It was found satisfactory, and accepted. 
It was paid for in the form of a final estimate, and the contract declared terminated. 

The average height of Highland Levee is 14 feet. It is built with an 8- foot crown 
and side slopes of 3 to 1. 

The largest force employed on 1 day was 100 men, 130 mules, 29 wheelbarrows, and 
47 scrapers. 

Barroza Levee. — ^As originally staked this levee was 4,105 feet long and estimated 
to require 200,000 cubic yards for its construction. The alignment was chaugeil to 
4,145 feet and the yardage to 164,861. The contract was let to Andrews tt ( >g(ieu 
on November 20, 1890. The contractoi*s promptly moved a large force to the locality. 
The force was present and awaiting the revision of the line, that it could Ncciire 
construction notes and start to work. The force was alnu^st daily increased until it 
reached the proportions of 210 men, 194 mules, 74 wheelbarrow's, and 77 8crai>ers, 
which was the largest number employed on one day. 

The levee averages 17^ feet high." It is built with an 8-foot crown, a river-side 
slope of 3 to 1 and a land-side slope of 4 to 1. 

The ground on which the l»ase of the levee is situated is low. To provide against 
the accumulation of rain and seep water the contractors erected a drainage pump 
and spent a large amount of money in canal ditching. The pump and ditches ren- 
dered valuable service, but in spite of the large force employed and the increasing 
efforts of the contractors it was impracticable to complete the levee within tlm re- 
quired time^ owing principally to the loss of time occasioned by bad weather expe- 
rienced during November, December, and January. The time for completion was 
therefore extended to June 1, 1891. 

On May 30, 1891, the levee was reported completed. It was inspected and meas- 
ured, and being found satisfactory, was received from the contra^^tors and paid for. 

Evergreen Levee. — This line as originally staked was 3,380 feet long and estimated to 
contain 70,000 cubic yards. The line was changed and made 3,400 feet long. It was 
found that the estimate of 70,000 cubic yards was based on a..grade 3 feet lower than 
that recently adopted throughout the district. The grade was raised 3 feet to cor- 
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respond to the new grade, and thereby increased the contents to 93,655 cubic yards. 
The average height of this levee is now 14^ feet. The crown is 8 feet wide and the 
side slopes 3 to 1. 

The contract was awarded to Flynn A De Garis on November 20, 1890. ShortlT 
after they moved a fair-sized force to the work, which amounted when largest to 44 
men, 56 mules, 11 wheelbarrows, and 26 scrapers. 

Owing to lack of natural drainage, the rains that fell in Noveml>orf DecemWr, 
and January, and the great amount of seep water eucount^'red during the succe«<diD^ 
months, accumulated on or about the space from which earth had to be obtained, 
and proved an obstacle to the progress of the work. The increased grade further 
limited the space between the old and new levees, already narrow to funifth tt> 
large an amount of construction material. These several conditions prevented the 
completion of the contract by the stipulated time for completion, and the date ▼!» 
extended to July 31, 1891. 

On May 31, 1891, the work was in the following condition: 

Commenced feet... 3,4CW 

Completed and accepted do. .. 1, li»' 

To complete do. . . 2. a»> 

In place cubic yartU. tiO.3?^ 

Yet to be handled do... 33,271 

Ooe asHlBtaut eu^nueer in general charge, one traveling inspector, and cue Im-ul 
inspector Htationed at each levee was the force employed directly by the DnitA 
StatcH for the necessary care aad iuApection of the levees while bnilding. 

RKPAIRS. 

During tlie month of February, 1891, an inspection was made of the levees built hv 
the IJuited States subsequent to the year 1881 between Barbre, Louisiana, and P^iut 
Coupee Crevasse, Louisiana, a distance of about 60 miles. Some of these leveei* wen? 
found in bad condition and requiring repairs to reestablish the crown and slapr!>, 
which had beeouie partially destroyed by rain and wave washing. 

The levees requiring the most immediate work were in the vicinity of Bed River 
Lauding, Louisiana. A master laborer was sent to the locality, and executed th* 
following work : 

Levee rei)a!red linear feet. - 5, 4k' 

Ditch cut to destroy crayfish holes do. . . ^^'f 

Stumps removed trom tlie base of the Ic veo -"^ 

For that service all working outfit was borrowed from the Red and Atchafalava 
River plant, and returned to that work when operations were concluded. 

PROTECTION WORK. 

In the immediate vicinity of Red River Landing, Louisiana, the river nen-r 
reached a dangerous elevation, and scarcely any protection work was necessary. 

F^rom a point about oppOHitr«^ Baton Rouge,'La., to the lower limit of the levet-, 
the river reached a dangerous stage about March 1, 1891. «^ 

The same barge «)utfit with whi«-h operations were carried on for protection work 
on ** Levees Left Bank " rendered service at Evergreen Levee, where 2,010 feet of nv 
vetmeut was constructed to correct wave washing of the front slope of the old vt 
front levee at that place. 

This work expemled 12,300 feet B. M.of lumber, 110 pounds of nails, and 25 sarks. 

When Baton Rouge was reached the barge was moored there, and a trip waBm»l« 
on the I J. S. steamer Florence as far as Barbres, Louisiana. In that distance the line of 
levees was generally inspected, but particularly those built by the United States. 
Thej' were all found in fair condition and requiring no work. 

At Nina plantation, where the ITnitcd States was constructing a new line, the front 
slope of the old levee began washing badly, and 625 sacks were expended to prevent 
further loss of levee. 

At Highland, La., where the United States was constructing a new line, there 
were two roadways which had been worn in the old levee. Both were filled »t » 
small cost. 

On April 2, 1891 the barge and party left Baton Rouge to return to New Orleans. 
On the way down the line of general levees was inspected and found in good condi- 
tion. During the latter part of February and early part of March the local authori- 
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in good condition and required but little work. 
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Daring the flood period a drought prevailed, which was of material benefit to the 
levees. Had there prevailed the rains usually experienced at that time of the year, 
it is safe to assume that a very greatly increased amount of work would have been 
necessary to properly secure the lerees. As it was, so little work was necessary that 
only a small percentage of the funds allotted for protecftion work was expended. 

On April 8, 9, and 10 on inspection wiw made ot tlio general line of levees between 
New Orleans, La., and Fort Jackson, La. The water was found t^ be several feet 
below the tops of the levees. They were all in good condition and re<inired no work, 
as they were all secure against the existing height of water. 

LEFT BANK BELOW RED HIVKR.— CONSTRirCTION. 

On June 1, 1890, there were no funds IVir, or property belongiug to, levee work in 
this district. During the month of October, 1890, the Mississippi River Commission 
allotted $67,500 for levee purposes. It was contemplated that the United States 
would survey and contract for work to the extent of that allotment. 

The Pontchartrain levee board, a local organization created by the Louisiana 
State legislature, had contracted for and was constructing eighteen levees between 
New Orleans and Baton Rouge. That board became involved in litigation over the 
collection of a produce tax it had levied. Finding it«elf deprived of its revenue and 
unable to successfully complete its contracts for levees then building, it applied to 
the honorable Secretary of War for relief, resulting in a reconvention of the Board 
of United States District Officers and the application of the allotted funds to the 
completion of the existing contracts, the United States to pay for work done on 
those contracts subsequent to November 20, 1890, only. 

The work covered by the contracts in question was of the most important as well 
as of the most immediately necessary in the district. 

During the early part of December, 1890, the allotment of $67,500 was increased 
to $94,500, of which 5 per cent, was reserved for jiroteetion work and 10 per cent, of 
the balance for contingencies. It was found that the amount available for actual 
construction expenditure lacked about $5,000 of being sufficient to cover all the work 
to be done on the Pontchartrain levee board contracts. The balance of work on 
the south port to Camp Parapet Levee, Jefferson Parish, La., amounted to about 
that figure. The United States notified the Pontchartrain levee board of its ina- 
bility to proceed with that levee, but assumed direction of the other seventeen works, 
all oi* which were carried to a successful completion without iucideut worthy of spe- 
cial mention. 

Copies of prescribed measurements for construction of respective levees were 
secured at the office of the Louisiana State Board of Engineers. 

All work done prior to November 20, 1890, the date at whi<*h tlie United States 
assumed charge of the levees, was carefully inspected and measured and foimd to 
have been executed in a satisfactory manner and in strict compliance with the con- 
tract in each case. 

During the period of construction the largest aggregate force employed on one day 
was 647 men, 510 mules, 197 scrapers, and 35l wheelbarrows. 

The following subordinate force was euiployed directly by the United States for the 
necessary inspection and care of the several leveeij: One inspector, 3;ij{ months, at $90 
per month ; one rodiuan, l^Jj months, at $50 per mcmth ; one rodman, 2^§ months, at $60 
per month; one watchman, IJ,*, nu)nths, at $75 per mouth ; one watchman ij months, 
at $50 per month. « 

PROTECTION. 

During the month of February, 1891, the river rose steadily, and on March 1 its 
elevation was several feet above the danger line throughout the district. 

The strain put upon the line of embankment by the high stage of the river devel- 
oped many weak places. The greatest trouble experienced and requiring most work 
for correction was the wave-washing of the front slope of the levees. The action of 
the water on the front slope created an erosion which, unless stopped, would event- 
ually broach the embankment. 

On March 10, 1891, a barge fitted with sleeping and eating apartments and having 
on board 15 laborers and 1 cook, together with lumber, sacks, and working tools, 
left New Orleans, towed by the United States tug Parker, for protection service north 
of New Orleans. The barge atnd the major part of the outfit used on it was borrowed 
from the New Orleans Hanior work and returned to that work when the expedition 
was disbanded. Some few tools were purchased for this special service. A small 
amount of the lumber used was purchased at New Orleans and Plaquemine, Lti. The 
greater portion was taken from an amount purchased by Capt. Dan. C. Kingman 
during the flood of 1890, and stored by him at Plaquemine, La., at which place it 
was transferred to the barge. 
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The barge and party went a« high bs Baton Rouge, La. ; returning, arriv--^ • 
New Orleans on April 6, 1891. During that time the general line of embankm*^r' - 
inHpecled, particularly the leveos just comph'ted by the United Statt'S. 

From commenrement to dsite of discharge the fidiowing boata rendered mt v. r 
Htated in ooniiertion with pfotretiou work: 

I 

United States tug Parker 

United States steaint^r Flortiivv 

Uuit^'d States tug TUdii 

Tug }Vm. miliamM ' 

The following stateiiU'iit shows whi-re services were rendered and tht* aumm 
work done, together with material exjM-nded at earh plaet5: 





L»*\ »»e. 


• 


Tairo. 


St. <i}ibrii«l 




AKlrg. 


SlMlt h WOOil* 
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HlH. 


Dicbarr> * 


S82. 


I'otjil 













of \t'\ rx'A 


l.niulMT 


•*\li«-inl- 

*'d. 


on. 




Feet. 


fWt. 


-eo 


TW) 


4:^ 


2. mt 


2, »K) 


r». ioi) 


800 


!!, smi 


3, 105 


ll,3m> 



J»rnti<-<il. 1- = 



Xumlier. ' 



8^) I 



' I)i-iioti-K I'ljiliMl StatfH levet'rt. 



In addition to the w«nk en«bra('«'d in the foregoing table, the old or front levn^^'t 
rut at Sonthw<»od (,s7r».r> L), Tnion (KKi.5 L), and Terre Haute to Hope (919.r»Lt lii' 
States levees, to put the iivt»r water against the new levee at each platre. 

During the month «d' Mareh, ISIU, the Mississippi River Commis-sioii all" " 
!f=2.S,(»H?< lor proteition of h»\ees in this district. 

To fully seeuie the h^vees iniuu'diate. work was required at numerous plat«'^ a- ■ 
sauu' tiuM*. As the working eapaeity of the barge party was limit^-d. you iiunl. 
arrangement witli Mr. A. M. Cooke, jissistant general manager of the Leutv^i! 
New Orleans an<i Ti'xas Kailroad, by virtue of which the following work \^a'^ti i^ 

Longwood Levee (^47.5 Ij), 602 linear feet of revetment was ere<-ted, at a 
C(Kst of ^' 

Davenport Levee (KiS Ij), 2()0 linear feet of revetment wa^ erected, at a 
cost of ^ •* ' 

Melaucon Levee (8^58 L), ?()() linear fe«*t of revetment vva.s erected, at a cost of 1^^ ' 

On A]n"il 9, 10, and 11 inspeitiou was made of the levees below New Oil-v- 
on the htftbank, as far as Fort St. Philip. They were found to be geuerallv ii> •-"' 
condition, the thfod ele\ at ion several feet below their grades, and uo work nen vsi', 
as all was ]M'rfec(Iy seture. 
Respect fully sulnnittetl. 

W. J. Harpee. 
AssiaUtut i-Hj/iwftr. 
Lieut. .John Millis, • 

Corps it/ EmjlnevrHy U. S. A, 

KKl'OHT OV Ml{. WILLI.VM GAU^'IN, ASSISTANT KXGINEER. 

Nkw Orlkans, La., June U 1S'<- 
Sir: I have the honor to submit the following report upon the work of vlii='' 
have had innnediate eh:nge during the year »'nding May 31, 1891: 

WORKS OF IMI'ROVKMENT IN NKW ORLKANS HARBOR. LOUISIANA. 

At date of last report, May 31, IXiH), the cfuulition of the work was as ftdlows: 
The ]dant was in laying u]) (juarters at Exposition Wharf and repair work «' 
being done on tug Tihla, which had heen partially destroyed by fire on theiiii:^'^' 
May ^, tins house, deck, top tiiubeis, furniture, and tools being entirely d♦'^t^l'.V'' 
The re])airs were coni])leted and the tug ready for duty .Inly 23. 

On August2 the Tihla, in coni]»aMV with the steamer (ieuerai iVeirton, leftl»vi»::'' 
quarters with a tow of nine harj^es and (|uarter hoat to cut willow brush loi ^^"'' 
In Carrollton Bentl. They retunie«l Septerul>er 19 with eight loaded barjie*. ^^ '= 
3,396.8 cords brush and 174.30 cords poles, at a total cost of $7,400.62 or $LM*T- J'*' 
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oord. The length of time occupied in nittinjj wiUows is (lu« to a Bcarcity of labor, 
tliHi work being dependent to a groat ♦^xt^'nt on local and colored labor. 

During the absence of plant cntting wIIIowh, barge No. S was repaired at Exposi- 
tion Wharf, and new crib an»l maitrcss ways built. It being decided that a mattress 
built in sections would be more convenient to handle and place in position between 
barges, the ways were constrnctcd on an old coal l>arge; they are suitable for build- 
ing a mattress i()0 feet in length by any rc<iuircd width. 

< 'onstruction of mattress for Spur No. 4 was commenced Sej»tember 24 and com- 
pleted October 6. It was not sunk until November 7; this was owing to the barges 
used for sinking being lo:wled with willow brush. The frames of this mattress were 
of the same build and material as those used in the mattress in the third district 
front. The manner of placing the willows was somewhat ditl'orent, they all being 
j>hic(Ml parallel to each other at right angles to frame-s. The bott<im layer of willows 
W4»re all securely nailed to frames. This mattress was built in four sections, three 
100 by 130 feet ami one 55 by 130 feet. The dilferent sections wore then placed in po- 
Hition alongside of lowering barges and setturely fastened together, each frame being 
fished and then fastened with No. 10 galvanized wire. The hejui or upstream 
frames were built of 3-inch by 6-inch Inmbcr and strengthened at each toggle pin 
by three lines of iron rods, one running straight and one on each side of pin diago- 
nally across mattress, crossing frames and securely fa.stened with wire to each frame. 
The*frarae8 being at right angles to bank or slope, ])oles are placed at proper dis- 
tances apart, according to slope, to keep rock from shiftiujG; or rolling out in stream. 
The manner of attaching lowering and toggle lines, loading, and sinking were the 
same as in the third district front. 

The dimensions of the mattress were 355 by 130 by 1.75 feet thick, and the cost and 
material were — 

607.9 cords brush, at $2.07 $1,258.35 

13,472 feet, B. M., 2 by 4 inch lumber, at $10.<M) per M 146. 84 

2.749 feet, B. M., 3 by 6 inch lumber, at $10.90 per M 2<). 96 

298.67 tons rock, at $2 597.34 

991 pounds No. 10 galvanized wire, at 4 cents 39. 64 

1,200 pounds 9-inch steel-wire nails, at 3A cents 42. 00 

2.700 pounds 6-inch steel-wire nails, at 3 cents 81. 00 

.'?00 pounds 34^-inch steel-wire nails, at 3.30 cents 1). Of) 

3.787 pounds rod and mattress chain, at 3i cen t.s 132. 54 

86 bolts S-inch iron, at 5 cents each 4. *W 

131 tish])latcs, at 7 cents each 9. 17 

1 .200 rations, at '^0 cents 360. 00 

I^abor, including tug, superintendence, ej c 1, 1M»5. 91 

Total 4,701.95 

Number of square feet in mattress 46, 150 

Pounds of rock per square foot to sink 12. 94 

Cost per square foot in place $0. 1019 

Construction of cribs for S]MirNo. 4wa8 coninienccd September 22 and tiuished 
October 13. The last crib was snnk on Spur November 13. 

The dimensions of the cribs built and sunk on this spur were — 

Fort. ' 

Crib No. 1 120X56X6 

C ri b No . 2 152x48x6 

Crib No. 3 170x40x6 

Crib No. 4 200x32x6 

(VibNo. 5 274x24x6 

Crib No. 6 310x16x6 

C?ost and material were — 

1.386.8 cords brush, at $2.07 $2,870.67 

68 (•(►rds poles, at $2,07 140. 76 

580.45 tiins rock, at $2 1, 160. W 

37,380 feet, B. M., 3 by 6 inch lumber, at $10.90 per M 407. 44 

2,rHK) pounds No. 10 galvanized wire, at 4 cents 83. (50 

456 pounds iron rods, at 3* cents 15. 96 

1,{)50 pounds 9-inch steel-wire nails, at 3J cents 68. 25 

200 pounds 6-incli steel- wire nails, at 3 cents 6. 00 

1,500 rations, atdOcent« 450.00 

Labor, including tug, superintendence, etc 3, 100. 16 

Total , frt»,T»».-,r^..-,.rrrrjrr.r.r»,»T 8,303.74 
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Nuinber of cubic foei of crib work in spur , 2, 325. 12 

lV>uud8 of rock por cubic foot to siuk 4. S?» 

Vtmi per cubic foot in place 10. 03&7 

The total cost of spur was $13,O0&R4 

Constructiou of mattress for Spur No. 3 wan coninienced October 6 and Uni&hed 
October 18. It was sunk November 21. Tlie Htyle of mattress was the same as ol 
Spur No. 4; and its dimensions were 415 by 140 by 1.75 feet thick. 

The cost and material were: 

618 cords brush, at $2.07 $1,279.3? 

8,]26feetyB.M.,3 by 6 inch lumber, at $10.90 34.«1 

18,182 feet, B. M., 2 by 4 inch lumber, at $10.90 198.1?5 

372.32 tons rock, at $2 744.64 

1,166 pounds No. 10 galvanized wire, at 4 cents 46.64 

1,300 pounds 9-inch steel-wire nails, at 3i cents 45.5»» 

2,:^ I»onnds 6-inch steel-wire nails, at 3 cents 70. ,=*i 

175 pounds 3i-inch steel- wire nails, at 3.30 cents 5. 77 

4.335.21 pounds rods and mattress chain, at 3^ cents 151. 7-5 

98 lish plates, at 7 c^nts each 6.jsR 

2,000 rati on s, at 30 cents GOO. (fi 

Labor, including tug, superintendence, etc 2, 600. 76 

Total .' 5,783.91 

Number of square feet in mattrew 58, IW 

Pounds of rock per square foot to sink Li.hl 

Cost per square foot in place $0. OWl"> 

Construction of cribs for Spur No. 3 wa« commenced October 18 and finiHfaed I>e- 
cember 20. The last crib was sunk December 22. The dimensions of the cribs built 
aud sunk on this sjnir were: 

Crib No. 1 50 X <>4 X 6 

(rib No. 2 154 X 56 X 'J 

(rib No. 3 220 X 48 x « 

(lib No. 1 245 X 40 x^ 

Crib No. 5 ; 270 X 32 x<> 

('lib No. 6 :i45 X 24 X »i 

(lib No. 7 -• 400 X 16 X6 

The cost and material were: 

784.1 cords brush, at $2.07 $l,623.i>^ 

826.8 cords lirush, at $2.25 l,>«0..'i» 

1(X>.3 cords pob'.s, at $2.07 220.r4 

83.9 cords poles, at $3.25 272,67 

JW9 tons rock, at $2 l,97S.<i»» 

50,630 feet B. M., 3 by 6 inch lumber, at $10.90 per M 551. «i 

2.S13 pounds No. 10 galvanizetl wire, at 4 cents 11-3. TJ 

268 pounds rods, at Sj cents 9.3« 

18 bolts |-in<'h iron, at 5 cents each ,9i» 

3.6(X) pounds 9-inch steel- wire nails, at 3^ cents 126.00 

3<K) pounds 6-incli steel- wire nails, at 3 cents 9. Oil 

2,200 rations, at 30 cents 66a0(> 

Labor, iucliidiuif tug, superintendence, etc 4, 423. 19 

Total 11,848.14 

Number of cubic feet of crib work - 330, 0?J 

PouihIs of rock per cubic foot to sink .k 44 

( 'ost per cubic foot in place $0. 01ir»8 

The total cost of spur was $17, 632. (^ 

Constructi(m of mattress for Spur No. 5 was commenced December 22, 1890, and 
couipleted and sunk January 13, 1891. The dimensions of the Aiattrcss were 400 by 
120 by 1.75 feet thick, and the cost and material were: 

a56.18 cords brush, at $2.23 $794.28 

70.58 cords brush, at $2.25 158,80 

3,252 feet, B. M., 3 by 6 inch lumber, at $10.90 per M ^.4^t 

16,560feot, B. M., 2 by 4 inch lumber, at$10.90perM 180.50 

294 tons rock, at $2 588.00 
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1,027 poundB No. 10 galvanized wire, at 4 cents $41. 08 

1,000 pounds 9-inoli steel-wire nails, at iH cents 35. 00 

2,800 pounds 6-inch steel-wire nails, at 3 rents 84. 00 

40()pounds 3i-inch steel-wire nails, at 3.30 cents 13. 20 

1,08^ pounds rods and mattress chain, at 3^ centw 37. 87 

12 bolts |-inch iron, at 5 cents each .60 

54 fish plates, at 7 cents each 3. 78 

1,400 rations, at 30 cents 420. 00 

l^abor^ including tug, superintendence, etc 2, 1.59, 40 

Total 4,551.95 

Number of square feet in mattress 48, 000 

Pounds of rock per square foot to sink 12. 25 

Cost per square foot in place $0. 0948 

The dimensions of the cribs built and sunk on this spur were: 

Feet. 

Crib No. 1 96 X 40X6 

Crib No. 2 230 X 32 X 6 

Crib No. 3 308 x 24 X 6 

Crib No. 4 : 370 X 16 X 6 

Crib No. 1 was built and sunk in two sections, one section 40 by 40 by 6 feet, and 
one 56 by 40 by 6 feet. There is a space of 32 feet between sections when sunk in 
position. 

The construction of cribs was commenced December 20, 1890, and completed and 
sunk January 22, 1891. 

The cost and material were: 

948.09 cords brush, at $2.25 $2,133.20 

.56.94 cords poles, at $3.25 185.05 

530.29 tons rock, at $2 1,060.58 

24,328 feet, B. M., 3 by 6 inch lumber, at $10.1M) pir M 2t>l.l9 

1,729 pounds No. 10 galvanized wire, at 4 cents 69. 16 

429 pounds iron rods, at 3^ cents : ^. . 15. 01 

1,700 pounds 9-inch steel-wire nails, at 3i ccjit« 59. 50 

100 pounds 6-inch steel-wire nails, at 3 cents 3. 00 

700 rations, at 30 cents 210. 00 

Labor, including tug, superintendence, etc 2. .'^50. 15 

Total 6,349.84 

Number of cubic feet of crib work 14, 072 

Pounds of rock per cubic foot to sink 7. 21 

Cost per cubic foot in place : $0. 0431 

The total cost of spur was $10, 901. 79 

The total cost and material for the three sx>ur dikes built in CarroUton Bend 
were : 

3.396.8 cords brush, at $2.07 $7,031. ,37 

1,845.47 cords brush, at $2.25 4,152.30 

356.18 cords brush, at $2.23 794.28 

174.3 cords poles, at $2.07 360.80 

140.84 cords poles, at $3.25 457.73 

3,064 tons rock, at $2 6,129.46 

48,214 feet, B. M., 2 by 4 inch lumber, at $10.90 per M .525. .53 

121,375 feet, B. M., 3 by 6 inch lumber, at $10.90 ])er M 1, ,322. 98 

9,846 pounds No. 10 galvanized wire, at 4 cents .393. H4 

10,750 pounds 9-inch steel-wire nails, at 3^ cents 376. 25 

8,450 pounds 6-inch steel-wire nails, at 3 cents 253. .50 

875 pounds 3^^-inch steel- wire nails, at 3.30 cents 28. 87 

10,357.21 pounds rods and mattress chain, at 3^ cents • 362. .50 

1 16 bolts, f -inch iron, at 5 cents each 5. 80 

283 fish plates, at 7 cents each 19. 81 

9,000 rations, at 30 cents 2,700.00 

Labor, including tug, superintendence, etc 16, 627. 57 

Total 41,542.59 

Average cost of crib work per cubic foot 0. 0359 

Average OQst Qf mat^ire^a jier sc^^uare foot.. ,,»,,,, 0.0987 
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The cost of the uiaitTesses was in excess of thoHebiiiH for the third district work. 
This is due to tlie increase<l cost of wiUow lirush and poles and a great'er qnantity of 
l)rimh used per H<|uarc foot of mattress. Owing to the swift«r current al<»ig this 
hank the mattri'sses were built considerahlystronjsjer than any used heretofore, roc- 
seqiiently a f^reater amount of rods, mattress chain, and wire were used. Daring i^ 
siukhifr of the crihs on Sjmr No. 5 there wa« a conKiderable rise in the river, accf>m- 
pauied by heavy drift. This dehiytMl the work and increased the expense. 

, Maivrml on hand to he used far ttpur-dike oonstnicHon. 

45 cords wilh)w hniKh, at $2.25 $101.25 

334.37 cords wiUowpoh's, at $3.25 1.086.70 

5,000 feet, B.M., 2hv 4 inch himher, at $10.90 per M 54..V. 

3.591.7«ton8rock,at$2 7,183.rt.' 

6.072.37 pounds -^-inch rods, at 3^ cents , 212. Tvi 

4,555.51 pounds |-inch rods, at 3^ cents 159. 44 

3,006 pounds mattress chain, at 3^ cents 105. 21 

Total 8,903.15 

During the construe tion of Spur No. 3 the tug Tilda had her propeller knocked off 
and the tug Alert was employed to do the work. The Tilda was taken to laying-up 
ciuarters at ExpoHition Wharf, where a temporary dock was constructed of an old 
coal barge and tlie tug docked and the hull rebuilt. This repair was expensive, as 
it was nereswary to ]>ut in new stem and stern post, forefoot and deadwood in bow. 
Nearly all the timbers top and bottom were renewed, in fact the only old timber 
remaining in the hull is the keel, bottom timbers under bed plate of engine, and 6 or 
8 of the plank along the keel. These were perfectly sound and not necessary to 
renew. Some changes were made in the cabin, the kitchen being enlarged and ex- 
tended back over boiler to admit of a pump in the forward end. Changes were 
made in the after cabin to admit of a closet in after end of boat. The repair to hull 
and cabin 4'ost for material $1.073.8;i, and for labor $2,013.75. The machinery wa* 
thoroughly overhauled and rci»aired. It was fitted with new brasses, crank-pirt, 
propeller, stem bearing, breerhing, copper ]upe from throttle valve to steam cbe«ii. 
and various other minor improvements and repairs. The cost of material for llif 
rejuiir of machinery was $.59X.53, and the cost of labor was $270. 

The tug Tilda has been tilted with a No. 10 (Cameron tire and wrecking pump. It 
has a capacity of 500 gallons ])er minute when being used for wrecking piiri>use'4. 
The cost of pum]> in pla<'e, including all pipe and "hose connections, waa $794.2li. 
making a total cost for repairs and imjirovmnents of $4,750.37. 

After the completion ot Spur No. 5 the willow brush and poles on hand were un- 
loaded on the bank and the entire plant moved to Exposition Wharf. Repairs were* 
then commenced on Harges Nns. 1, 2, and 3, They were turned bottom up and new 
rake planking put on, the bottcmis calked and tarred, the decks calked, pitchcnU 
and tarred, the sides calked and painted, the insides thoroughly cleaned and whit*- 
wash(>d. Tli(^ cost of material f(»r repair of these barges was $454.42, and the cost of 
labor $1, 901. S5, making a total of $2,1^56.27 or $785.42^ each. The old warehouse 
barge, being rotten and worthless, was bem'hed at Exposition Wbar^ and will l»e 
used for storing worthless and such nmterial as is not required during spor-dike 
C(mstru«'ti(m. 

Barge No. 6 hfis been converted into a warehouse. Some minor repairs were done 
to hull, and a house built 1 10 by 26 feet. The roof was made of inch plank covered 
with P. & B. rooting paper. The cost of material wa« $273.69, and the cost of ]ab<»i 
was $-154.75, making a total of $728.44. 

Barges Nos. 4 and 5 have been <-leaned, whitewashed and painted, and some n*- 
j)airs done to sides and decks. Nos. 9, 10, and 11 have been cleaned, whitewashed 
and painted. Thoy have also been calked and pitched. This, with cleaning, dry- 
ing, and storing manilla lines, cleaning and painting wire lines, loading and unload- 
ing lumber, poles, and dilierent material, moving fleet to laying-up tjuarters and 
caring for same, has cost a))proximately $1,625.25, including labor and material. 

St^'-am launeli No. 1, received from Warrenton observation party in June, 1889, has 
been condemned and beached at Ex]>osition Wharf. Ijaunch No. 5, received from 
St. Louis May 16, 1891, required some repairs to stern-bearing. .She is otherwise in 
good condition. 

The quarter boat is on ways having the hull rebuilt. The cost to date haa l>een 
for material, $544, and for labor, $1,405.25. 

Surveys were made in the (iouldsboro, Carrollton, and third district l»ends by 
Assistant Engineer W. J. Hardee. The Carrollton survey extended a distance of 
tl^875 feet of shor^ line. TU« soundings wore yun out until tb© channel wae luUy 



APPENDIX Z Z — REPORT OF MISSISSIPPI RIVER COMMISSION. 3713 

measured and the incline of the opposite hank enconntcred, which was nowhere 
less than 550 feet^ and as much as 750 feet from edge of water. Six thousand three 
hundred and ninety -eight soundings were taken, an average of 1 sounding to 
about every 25 feet square. This survey cost $330. 

Third district survey extended over 5,800 feet of shore line. The soundings were 
run out from 600 to 1,000 feet from edge of water. 

PROTECTION OF LEVEES. 

The machinery of the United States tug Parker was repaired at a cost for brasses 
and machinist of $200.92. and for labor, $45.90; total, ^46.82, charged to levees. 
Barge No. 8 was fitted with temporary house covered with tarpaulins, to be used as 
quarter boat by Assistant Engineer Hardee, on protection of levees. The cost for 
material was $1H, and the cost for labor was $56.25, making a total of $72.25 charged 
to protection of ievees. The United States steaml)oat Thos, B. Florence was repaired 
at a cost of $59.65 for labor and $35.10 for material. 

8URVEY8, GAUGES, AND OBSERVATIONS, AMES CREVASSE, 

The break occurred March 16, about 9 or 9 :30 p. m. I learned from residents at the 
company canal that the break was caused by the rice flume, an iron pipe that was 
put in the levee about October, 1890. The water did not make its way along the 
pipe, but about 3 feet below the crown on the river side and its outlet, about 5 feet 
above the base, on the land side. This was due to the earth not being properly packed 
in the cut made through the levee. 

I measured the crevasse on March 18, and found the width 164 feet, the upper edge 
of break bein^ 434 feet below center line of Spur No. 1, Greenville Bend!, and the 
lower edge 382 feet above Spur No. 2. The greater caving has taken place on the 
lower side; the lower side is now 767 feet below center line of Spur No. 2, making a 
total increase of 352 feet — a total of 1,501 feet since first measurement. 

Daily measurements and gauge readings were taken at points above and below the 
crevasse, and one gauge established on opposite shor^ to crevasse. 

A tabular statement of daily measurements and gauge readings is given herewith : 

Ohservat%on» at Ames Crevasse, 



Date. 


C3 rt 

2 


a 

h 

08 ^ 
fcfi >. 

It 

1 

7.31 
7.46 
7.46 
7.46 
7.41 
7.56 
7.66 
7.71 
7.76 
7.81 
7.81 
7.86 
7.86 
7.86 
7.89 
7.96 
8.01 


P4 


r 

II 




lis 


i'i 

s 2 

a« 

15.27 
14.92 
14.87 
14.77 
14.57 
14.57 
14.51 
14.67 
14.62 
14.52 
14.47 
14.42 
14.47 
14.57 
14.57 
14.47 
14.37 
14.22 
14.17 
14.12 
14.07 
14.17 
14.27 
14.37 


u 




1 

a 

1 







§ 


.1 
is 

§ 

1 

1 


1891. 
Mar. 18 


15.' 34' 
15.24 
15. 09 
15.04 
14.94 
14.92 
15.04 
15.04 
14.84 
14.74 
14.84 
14.84 
14. W 
14.94 
14.84 
14.79 
14.74 
14.64 
14.44 
14.34 
14.54 
14.69 
14.74 


15.72 
15.42 
15.32 
15.22 
15.12 
15.02 
14.97 
15.12 
16.02 
15.02 
14.82 
14.92 
14.90 
15.12 

*i4'92* 
14.82 
14,82 
14. 82 
14.62 
14.47 
14.62 
14.77 
14.82 


7.64 
7.94 
8.28 
8.64 
8.84 
9.04 
9.14 
9.24 
9.34 
9.34 
9.34 
9.44 
9.54 
9.54 
9.64 
9.64 
9.09 
9.69 
9.64 
9.60 
9.74 
9.74 
9.94 
9.04 


15.51 
15.21 
15.11 
15.01 
14.81 
14.81 
14.81 
15.01 
14. 91 
14.91 
14.71 
14.61 
14.71 
14.96 
14.91 
14.81 
14.81 
14.61 
14.51 
14.31* 
14.31 
14.41 
14.41 
14.51 


7.69 
7.89 
8.19 
8.69 
8.79 
8.89 
8.99 
9.19 
9.29 
9.29 
9.29 
9.29 
9.39 
9.39 
9.89 
9.39 
9.30 
9.44 
9.29 
9.34 
9.39 
9.39 
9.49 
0.40 


*i4."94* 
14.89 
14.79 
14.54 
14.54 
14.64 
14.64 
14.69 
14.59 
14.29 
14,39 
14.39 

'i4.*60' 
14.49 
14.39 
14.29 
14.29 
14.04 
13.90 
14.00 
14.24 
14.34 


15.80 
15.65 
15.55 
15.40 
15.30 
15.30 
15.20 
15.30 
15.30 
15.10 
15.00 
15.00 
15.00 
15.20 
15.15 
15.00 
15.05 
14.75 
14.00 
14.80 
14.65 
14.75 
14.80 


104.0 
234.0 
365.0 
466.0 
510.0 
535.0 
563.0 
617.0 
665.0 
678.0 
687.0 
693.0 
713.0 
732. 
749.0 
848.0 
891.0 
930.0 
964.0 
983.0 
1,006.0 
1, 017. 
1,020.0 
1,035.0 






li» 

20 

L'l 

24 

25 

26 

27 

28 

29 

30 

ai 

Apr. 1 

\\.'.'".V. 

I::::::: 

6 

7 

8 

9 

10 


21.0 
19.0 
40.0 
13.0 
3.0 
3.0 
32.0 
39.0 
8.0 
4.0 
0.0 
3.0 
8.0 
8.0 
29.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


49.0 

112.0 

61.0 

31.0 

22.0 

25.0 

22.0 

9.0 

5.0 

5.0 

6.0 

17.0 

11.0 

9.0 

70.0 

39.0 
34.5 
19.5 
23. J 

11 
12.x 

6.Q 
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Observations at Ames Crerasse — CoDtinued. 



Date. 



Apr, 



1891. 

n 

12 . 

13 . 

14 . 
V} 

16 . 

17 . 

18 . 

19 . 

20 . 

21 . 

2{ . 
21 . 






MlA\ 



14.49 

14. .59 

14. .54 

14. ri9 

U.bi 

14.47 

14.44 

14.49 

14.39 

14.39 

14.44 

I 14.44 

; 14.49 

t 14.40 

'. 14. .4 

fi ' 14.24 

7 , 14.49 

-i ! 14.49 

i» 1 14.41 j 

14. 29 , 

I ! 14.24 I 

2 ' 14.24 I 

3 14. 14 I 

4 ' 14.19 

.') 14.09 i 

fi 14.19 ! 

7 14.24 

X 14. 19 

9 ' 14. «>9 



3l» 



10. 
11 
12 
13 
14 



13. K4 
13.79 
13. tVl 
13. 59 
13. 49 
13. .39 



16 13.19 

17 13.1(4 



It o 



8.(« 
8.11 

S. II 
H. 21 
K. 21 

8.21 
8.31 
8.31 
8.31 
8. 31 
8.41 
8.41 
8. .51 
8.41 
8. .51 
8.41 
S. .51 
8. 5« 
h, 5« 
9.51 
8. .51 
8. M 
8.«1 
8.61 
8. 6<» 
H.m 
S. 81 
8.81 
H. 7rt 
8. W 
8. «« 

H.m 

8.(31 
5. 51 
8. 51 
8.41 
8.31 






s 2 . 

as O O 

* 9 5 

— 08 0} 



14. 72 
14.72 
14. 72 
14.67 
14. 72 
14.57 
14.52 
14.52 
14.42 
14.42 
14. 47 
14.52 
14.72 
14. 72 
14. 62 
14.-22 
14.42 
14.67 
14. 57 
14. 42 
14. 32 
14. 32 
14. 27 
14.22 
14.19 
14.22 
14.47 
14. 37 
14.22 



9.94 
9.89 
9.94 
9.99 
9.99 
0.99 
10. ()9 
9.09 
9.99 
10.09 
10.09 
10.19 
10.14 
10.14 
10.14 
10.09 
10. 14 
10. 19 
10. 19 
10. 14 
10. (»9 
10. 14 
10. 14 
10. 19 
10.14 
10.24 
10. 29 
10. :» 

lO.M) 



lO 9 

' ee i 5 






3S = 



at.© 

I- O g 



l>rv 


10.24 


' 


10. 19 


i 


10. 24 




10. 14 


] 


10.09 




10.04 




9.99 


1 


9.94 



14.41 
14.36 
14. 31 
14. 41 
14.31 
14.06 
14. 01 
14.01 
13.61 
13. 51 
(') 



9.44 
9.44 
9.49 
9.44 
9.49 
0.54 
9. .59 
9.54 
9.54 
9.59 
9.59 
9. .59 
9.69 

0) 



14.27 
14.27 
14.27 
14. 27 
14.17 
14.12 
14.07 
14.07 
13.97 
13.97 
14.07 
14. 12 
14. 12 
14.12 
14.17 
14.07 
14.02 
14.07 
14.07 
13.92 
13. 92 
13.87 
13.87 
13.87 
13.72 
13.87 
13.92 
13.62 
13.72 
13. 57 
13.47 
13.37 
13.27 
13.17 
13.02 
12.84 
12. 67 






ai 



14.20 
14.29 
14.19 
14 19 
14.14 
14.09 
14.14 
13.90 
13.04 
13.99 
14.04 
14.04 
14.14 
14.14 
14.14 
14.04 
13.99 
14.00 
14.04 
13.94 
13.89 
13.89 
13.84 
13.84 
13.74 
13.94 
13.90 
13.04 
13.74 
13.54 
13.40 
18.49 
13.20 
13.14 
13.04 
12. 79 
J2.69 



S 



14.00 
14.95 
14.70 
14.80 
14.65 
14.65 



14.70 
14.00 
14.80 

14.86" 
14.80 
14.70 
14.70 
14.75 
14.65 
14.50 
14.55 
14.50 
14.40 
14.50 
14.40 
14.45 
14.50 
14.40 
14.40 
14.30 
14.20 
14.00 
13.80 
13.70 
13.60 
13.45 
13. 30 



s 



1,039.0 
1,045.0 
1.060.0 
1, 002. 
1,097.0 
1,100.0 
1, 118. 
1.128.0 
1, 142. 
1, 155. 
1,163.0 
1, 173. 
1.182.0 
1,198.0 
1,208.0 
1,221.0 
1,246.0 
1,273.0 
1,205.0 
1. 321. 
1.322.0 
1,352.0 
1,382.0 
1,414.0 
1,444.0 
1,471.0 
1,508.0 
1. .547. l> 
l,5ft4.0 
1, 576. 
1, 582. 
1, 504. 
1,602.0 
1,610.0 
1,621.0 
1.625.0 
1.036.0 



0.0 
4-0 
0,0 
23.0 
5.0 
0.0 I 
0.0 I 
2.0 . 
3.0 i 
0.0 ! 
2-0 
3-0 
O. 

o.o 

0.0 
0.0 
0.0 
16-0 
8-0 
4.0 
0.0 
0.0 
3.0 
2.0 
4.0 

:j.o 
«. o 
:\. o 

2.0 
3.0 
0.0 
3.0 
0.0 

0.0 

2-0 
0.0 
3.0 



* Caved in crevapse. 



I Washed out. 
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lid 
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P. 




« 
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of ere- 
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s! 
> 

^ 


IXitc. 




u a 

If 


i 

5^x 




ft* 

§ 
1 

e9 


-1 

o 


§1 

1 


5_c 




63 


cq- 


Oi 


« 
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o 


H 




1801. 




















Mav 18 


12.74 


8.16 


12.47 


9.46 


12.49 


13.20 


1.639.0 


0.0 


3 (^ 


19 


12. .59 


8.01 


12.22 


9.36 


12. 19 


12.00 


1.644.0 


0.0 


.5 i 


20 


12 29 


7 86 


12 0(» 


9.29 


11.99 


12 45 


1,649.0 
1.651.0 


2.0 


1 f 


21 


11.99 


7.66 


11.75 


9.11 


11.69 


12. 15 


1.0 




11.. 55 


7.36 


11.25 


8. 8f) 




11.80 


1,657.0 


2,0 


4.fl 


•j;{ 


11 20 


7.06 


10 90 


8. 76 




11.65 


1,657.0 





O.l 

c 


24 


10.90 


6.8() 


10.65 


8. 56 




11.20 


1,657.0 


0.0 


2.5 


10 .50 


6 61 


10 25 


8 30 




10 65 


1, 6.58. 
1,663.0 
1,665.0 
1,665.0 
1,665.0 


1 


o.c 

4.f 
0.( 
0.1 

o.o 


26 


10.00 


6.26 


9. 75 






10. 10 


1 


28 


9 05 










9.00 
8.10 


2.0 



30 


8.05 










Juno 3 


6.25 


4.87 


6.05 










0.0 
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The maximum discharge of the crevasse was estimated to he ahout 91,000 cnhio 
feet per second. 

The ahoYe ohservations and raeasiirement-s cost for lahor $43.80, not inclading 
time of assistant engineer. 

A tripod was constructed of cedar telegraph poles and placed in the crevasse. 
The poles were 45 feet in length, 1 foot diameter at butt, and 6 inches at top. Nine 
car wheels were used as ballast, three, being fixed at the bottom of each leg. I 
think the ballast used was sufficient to hold it in the current of any crevasse if 
properly placed. A sketch of this tripod has been furnished your office. The cost 
of material was $84.64, and the cost of labor, $118.95; total, $203.59. 

GAUGES. 

Six bulletin -board frames for gauge stations have been constructed ; the cost of 
frames were $119.53 for material, and for labor, $216.90. The cost of iron plates was 
$134.85, not including labor or paint, as they are not mounted or painted. 

DISCHARGE OBSERVATIONS. 



Discharge observations were commenced at Carrollton on March 4 and continued 
to April 16, 1891, and at foot of Henry Clay avenue, just below the Ames Crevasse, 
from April 3 to 14. Thirty-five observations were taken at Carrollton and eight at 
Henry Clay avenue. 

The results of the observations at the Henry Clay avenue section showed abnormal 
variations, which were probably due to the eddies or irregularities in the current 
produced by the crevasse. 

The following resnlt-s were obtained at Carrollton : 



Date. 




Area. 



Sq.feet. 

ieo,4«6 

172. 788 
173, 438 
171,980 
172, 963 
178, 613 
172, 778 
173,504 
176, 009 
175, 707 
173,986 
174, 986 
176, 050 
176. 156 
176.934 
177,517 
176, 7© 
176, 300 
175,978 
178, 618 
179,298 
179,658 
177,802 
177.788 
176, 841 
177,980 
176,426 
•176,149 
177, 183 
178,840 
178, 886 
178, 173 
178, 317 
179, 026 
178, 847 



Mean ve- 
locity per 
Hocond. 



Feet. 
6.493 
6.706 
6.358 
6.492 
6.481 
6.750 
6.920 
6.806 
6.886 
6.588 
6.787 
6.808 
6.703 
6.842 
6.589 
6.626 
6.506 
6.479 
6.523 
6.274 
6.469 
6.519 
6,502 
6.511 
6.688 
6.607 
6.589 
6.636 
6.873 
6.762 
6. 416 
6.675 
6,534 
6.544 
6.454 



Discharge per 
Aecoad. 



Cubie/eet, 

1,102,225.12 

1, 158, 728. 68 

],096,e2(f.08 

1,116,598.20 

1,121.093.31 

1,171,894.30 

1,195,641.96 

1,181,017.46 

1,212,111.82 

1,157,592.21 

1,180,914.51 

1,156,350.40 

1, 183, 148. 87 

1, 205, 349. 91 

1,165,888.94 

1,176,167.37 

1,150,019.27 

1,142,271.65 

1,148,802.38 

1, 120, 634. 02 

1. 160, 000. 37 

1, 171, 327. 12 

1,166,024.31 

1,157,490.39 

1,182,678.68 

1, 175, 903. 65 

1, 162, 508. 38 

1,168,893.37 

1,217,807.35 

1,209,580.09 

1,147,714.47 

1, 180, 232. 05 

1,166,817.06 

1,171,547.91 

1,154,313.79 



Gauge. 



14.40 
14,50 
14.65 
14.90 
15.30 
15.50 
15.60 
16.05 
15.90 
15.80 
15.65 
15.65 
15.55 
15.40 
15.30 
15. 20 
15.30 
15. 10 
15.00 
14.90 
15. 05 
15.00 
14.95 
14.80 
14. 50 
14.60 
14.40 
]4.fiO 
14. 55 
14.70 
14.60 
14. 55 
14. 65 
14.50 
14.45 



From date of last report until November 7, 1890, I acted aa overseer to Mr. H. 8. 
Douglas, assistant engineer. 

Very respectfully, your obedient servant^ 

William Garvin, 
Aaaistant Engineer, 
Lieut. John Millis, 

Corps of EngineerBj U, S, A. 
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The following maps and drawings are transmitted hero with: 

PJLATB I. — Showing location of all works of improvement in fourth distrirt, Mis- 
sissippi River. 
Plate II. — Works of improvement at junction of Red and At'Chafalaya rivers. 
Plate III. — Works of improvement in New Orleans Harbor. 
Plate V. — Spur dikes in CarroUton Bend, New Orleans Harbor. 
Plate VIT. — Tripod placed in Ames Crevasse. 

Very respectfully, your obedient servant. 



Col. ('. B. COMSTOCK, 

Corps of Engineers J U. S, A., 

President Mississippi Eiver Commission. 



John Millis, 
First Lieut, of Entfimeers. 



Appendix F 1. 

report of lieutenant john milli8. corps of engineers; on survey of missis- 
sippi river in vicinity of naix^hez, m1$»6i8sipp1, and vidalia, louisiana. 

United States Engineer Office, 

New Orleans, La., June 29y 2891. 

Sir : I have the honor to submit the following report upon a sorvey of the MlBsifi- 
si}>pi Rivt*r in the vicinity of Natchez, Miss., and Vidalia, La., made in compliance 
with the tuHtructions of the (-ommissiou, with a view to determining what improve- 
mentH are necessary in that locality. 

Th«^ chnrjre of the improvement of the harbors of Natchez and Vidalia was trans- 
ferred by Maj. A. M. Miller, Corps of Engineers, U. S. Army, to Maj. Amos Stickney, 
(%>rpH of Engineers, II. S. Army, on September 2, 1886, the latter officer bcinf at the 
tiuK^ on duty under the Mississippi River Commission, in charge of the fourth dis in ci. 
Previous to this transfer work had been begun in an attempt to arrest caving of the 
banks in (iiles Bend and in Marengo Bend, but owing to lack of funds it was not 
pra<*.ticablc to acconi])lish sufficient work to be permanently eflectivo, and nothing 
waH done subsequent to March, 1882. 

In 18Si), M.'ijor Stickney submitted a plan of improvement which contemplated the 
protect icm of caving banks by means of spur dikes placed at int-ervals of about l,00f> 
fcot, and IiiH tvstiniate of the cost of improvement was $60t),000. To this plan was 
after wards added a levee to be built a)>proximat«ly parallel to the axis of the nar< 
row neck above Natchez, to prevent a flow of wat«r across the neck during AckhI 
Bt:ij:cH of the river. The cost of this levee was estimated at $100,000, makin|^ the 
total cHtiiiiate tor the project $700,000. In 1885, Major Stickney estimated that if 
continuous mattress revetment was substitute<l for spnr dikes to protect the caving 
banks, the cost would be $1,040,600. 

No construction has ever been done since this ofiice assumed charge of the work in 
1S82 on account of lack of fnnds. 

By resolution passed at its meeting of November 26, 1890, the Conrniission directed 
the district oihcer to have made ^' a resurvey of the bank line in the vicinity «>f 
Natchez, to extend from the head of Giles B<md to just below Vidalia, to sound tlm^ 
or four ty]>ical cross sections near the apex of ea<!h bend, to run a lin^ of levels 
across the narrow neck between Giles and Cowpen bends, andtosnbmit to the presi- 
dent of the (Commission a report showing what improvements are required in thltt 
vicinity." 

The survey as above directed was made under the immediate direction of Assistant 
Kii;{iuc4>r 11. S. Douglas, by Mr. II. C. Smith and Mr. £. B. Geddos, surveyors, and 
the luaj) is snbmittcu herewith. 

The city of Natchez is situated on a high bluif on the east bank of the river, \\t^ 
miles below Vicksburg. It has a population of about 10,000 and is the most imiH>r- 
tant town and river port below Vicksburg, excepting New Orleans. 

Vidalia is situated on the low ground directly opposite Natchez and immediately 
on the bank of the river. It has a population of .about 1,000. 

Two railroads terminate at Natchez, the Natchez, Jackson and Colombus, -which 
comes in from the eastward, and the Louisiana and Northeastern, which runs to Vi- 
dalia and comes by ferry to Natchez. 

Vidalia is the terminns of the Natchez, Red River and Texas road. 

The manufacturing interests of Natchez consist principally of cotton^ lumber^ and 
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cotton-seed oil mills, and a large cotton compress. There are no manufactures of 
any consequence in vidalia. 

The total value of receipts and i^ipments bv river at Natchez for the year ending 
May 31. 1891, is estimated at $2^829;917, and the estimated amount for Vidalia is 
$781,976, making the value of the total annual commerce of the two places $3,611,893. 

The hi^h-water width of the Mississippi at Natchez is less than at any other point 
below Cairo, the distance from the blun on the east bank to the levee opposite in 
front of Vidalia being only 2,170 feet. Great depth is consequently found here, and 
in high water a very strong current. About 6 miles above the city the river makes 
a bend to the eastward, and striking the line of bluffs is deflected to the westward, 
forming Giles Bend. It thr.n makes a turn to the southward and eiistward again 
(Marengo Bend) and strikes the bluff just above Natchez. It follows the foot of the 
bluffs for some distance below Natchez and then leaves it, taking a southwesterly 
course. The bend immediately above Natchez is called Cowpen Bend, and between 
this and Giles Bend is a peninsula about 5 miles long running out from the bluff. 
This peninsula is now about 4,100 feet wide in the narrowest place. It is generally 
low and covered with trees and a thick undergrowth, though parts of it have been 
cleared and are under cultivation. At high stages of the river this peninsula is en- 
tirely overflowed. 

The changes in the river in this vicinity which have heretofore caused apprehen- 
sion were tne caving at Palo Alto Point, which it was feared might result in the 
moving down of Cowpen Bend and the destruction of Vidalia; the caving in Mar- 
rengo Bend, which was expected to result in the diversion of the Mississippi from its 
present course into Lake Concordia, and possibly the development of Bayou Coeodia 
as an outlet; and the formation of a cut-off across the narrow neck between Giles 
Bend and Cowpen Bend due to the caving in Giles Bend. 

The recent survey shows that all those changes, as well as others, are still in prog- 
ress, though the caving at Palo Alto Point seems to have been slight. With the ex- 
ception of the caving in Giles Bend, however, none of these changes are believed to 
be of sufficient importance or to threaten an amouut of damage which would justify 
their consideration in connection with works of iuiprovement to be recommended as 
necessary or expedient. 

The neck of tne peninsula where a cut-off is feared has narrowed from 5,500 feet in 
1883 to 4,100 feet,Nits width at the present time, and the difference in level between 
the water surface above and that below Is now 3.4 . feet. The formation of such a 
cut-off would undoubtedly result in very great damage not only in the immediate 
vicinity, but both above and below. The local result would probably be a rapid 
erosion and caving of the bank opposite Natchez and the partial or complete destruc- 
tion of Vidalia, while a building out of the shore in front of Natchez would take 
place and the river would eventually assume a course as indirated on the map. 

With the great increase in the river slope and velocity of the current, the effect 
would extend to a considerable ilistaure up and down stream, the rate of caving 
would largely increase in several l»ends, and the inevitable reiiult would be a large 
destruction of levees and real estate in the natural efibrt of the river to adapt itself 
to the new conditions. 

The works of improvement whi(!h are recommended to prevent the formation of 
the cut-off are, protection of the caving bank in Giles Bend and a levee on the neck 
below this bend to prevent the river from breaking through during high water, as 
has previously been recommended, and some arrangement with the owner of the 
property by which clearing of timber and undergrowth along the caving bank shall 
be stopped. 

Of tne above, the levee should be built at once. As the neck gets narrower the 
slope and velocity of the current across the neck during high water will of course 
become greater, and the danger of the river cutting through is increasing from year 
to year. Though the levee will have no influence on the caving above, and would 
eventually be destroyed if other means were not resorted to to stop caving, its ef- 
fect while it does last will be positive and its life would be sufficiently great to jus- 
tify the expenditure as a temporary expedient only, Judging by the standard of 
endurance often adopted for levees which are built for the prevention of overflow at 
other places on the river. 

The estimate for the levee is $66,300. 

With regard to the pniveution of caving in Giles Bend the conditions and recom- 
mendations can not be stated with equal po8itiven4\s.s, except that spur dikes are not 
recommended since the efficiency and economy of this metnod of protecting caving 
banks, when applied under conditions similar' to those obtaining in Marengo Bend, 
are not believed to have been as yet satisfttctorily established, and it is believed that 
the safest form of protection in the present state of knowledge and experience on 
the subject would be a continuous mattress and stone revetment. No practicable 
method of preventing the clearing off of the neck is suggested short of purchasing 



3718 REPORT OP THE CTTIEF OF ENGINEERS, U. 8. ARMY. 

the land outright, an investment which it ia not believed would prove economical 
or judicious at present. 

To afford reasonable prospect of the success of the bank protection the fnnds 
. available should be sufficient to complete enough of the work to be effective in one 
working season and to continue the work thereafter as rapidly as possible and with- 
out interruption. The a<lvisability of undertaking it at all under less favorable eon- 
ditions would be to my mind a matter of considerable doubt. 

Tbe following is the total estimate for the work recommended: 

For plant : 

Ten large barges, at $3,000 $90, Civ 

Four Huiall barges, at $1,500 6. IU« 

One at4^am tug 10. Uiu 

One steum launch 3, un 

Two quarter boats, at $3,5(K) ^ 7, tw 

Tools, skiffs, etc 9, tU" 

Total for plant 65,000 

For constructing 16,000 linear feet of bank revetment in Giles Bend, at $25 

perfect 400, (hX» 

For care and repairs to plant 10, Ul>i» 

For levee to prevent scour aiToss neck during high water, 255,000 cubic 

yards, at 26 cents 66. 310 

Total for improvement 541, 3iX) 

Should the other workH in the dintrict take such shape sit to permit the nse of por- 
tions of the plant now on hand tht^ ubove estimate for new plant might be somewhat 
reduced. 

The propoHcd levee on the neck between (tiles Bend and Cowpen Bend is believed 
to be urgently necessary and it« conHtruction at once is recommended if fundn from 
the preHcnt allotment for leveen can be made available. By building this lev(><e it i» 
estimated that the formation of a cut-oil' can be postponed with certainty for 15 
years with no further work of improvement, and without the levee the cutoff is 
liable to occur at any flood st^ason. 

The following commercial statistics of Natchez and Vidalia for the year ending 
May 31, 1891, were compiled by AssistAut Engineer Hardee: 

Hiatement sliawing ike approximate receipts and shipments of freight hy river from June /, 
189()j to June /, 1891^ at Natchez, Alitts. and yidalia. La., compiled from infoimiatiuH 
derived from the commerciat exchanges of those places and the busiitess houses and land 
ings where the steamboats receive and discharge cargoes: 

NATCHEZ. MISSISSIPPI. 

Receipts, 

Number of steamboats in the trade S8 

Number of times arrived 819 

Number of barges 52 

Total cargo arrived (tons) 106,9l>i 

Value of 8ame $1,734,027 

ARTICLR8 OF CARGO. 

Cotton bales.. 15,500; Cottonseed sacks.. 65,3»lfl 

Lumber feet, B. M.. 7,000,000 j Coal bushels.. 1,250, UOU 

VV^ood cordM . . 900 | Sacks, empty bundles. . 1, 150 

Corn meal barrelH.. 37,4«2 ' Flour barrela.. 19,156 

Oats sacks.. 101,450 i Com sacks.. 65,840 

Bran do 13, 189 ' Wet barrels number. . 987 

Wrappiug paper., .packages.. ti05 Sash, doors, and blinds. pkgs.. 709 

Hardware do 10, 374 j Groceries .•..do 18,780 

Woodenware do 7,628 i Miscellaneous do 1,150 
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Shipments. 

Number of steamboats in the trade 38 

Number of times departed 717 

Total cargo shipped (tons) 38, 104 

Value of same $1,095,890 

ARTICLES OF CARGO. 



Cotton bales.. 10,527 

Cotton-seed oil gallons . . 154, 677 

Cotton linters pounds. . 176, 775 

I^mnber feet, B.M.. 1,490,600 

Ice tons.. 1,998 

Flour barrels. . 14, 576 

Corn sacks.. 42,842 

Wet barrels number. . 944 

Sash, doors, and blinds. pkgs.. 653 

Groceries do 15, 683 

Cotton battiii g bales . . 583 

Miscellaneous packages . . 1, 052 



Cotton cloth yards . . 764, 575 

Cotton-seed meal sacks . . 12, 305 

Sacks, empty n umber . . 2, 084 

Shingles do.... 910,500 

Corn meal barrels . . 31, 462 

Oats sacks.. 73,497 

Bran do.... 7,670 

Wrapping paper bundles . . 369 

Hardware packages . . 8, 558 

Wooden ware do 5, 976 

Bricks number. . 215, 600 



RECAPITULATION FOR NATCHEZ, MISSISSIPPI. 

Total cargo received and shipped (tons) 135, 065 

Total value of cargo received and shipped .' $2, 829, 917 

VIDALIA, LOUISIANA. 

Number of steamboats in the trade 38 

Number of times they have lauded 819 

Number of barges 2 

Total cargo received and shipped (tons) 12, 392 

Total value of cargo received and sbipped $781, 976. 75 



ARTICLES OF CAlUiO. 



Cotton bales.. 12,560 

Cross ties number.. 5, 147 

Corn Mackn . . 12, 519 

Corn meal barrels . . 5, 314 

Hay bales.- 1,870 

Miscellaneous packages.. 7, 200 

Furniture do 3,500 

Molasses barrels.. 325 

Lime do 180 

Coal bushels.. 24,000 



Cotton seed sacks 

Bran do.. 

Oa ts do . . 

Flour barrels 

Liquors do . . 

Meat (salt ) boxes 

Sugar barrels 

Groceries packages 

Hardware do . . 

Lumber feet, B. M 



58,400 

900 

15, 465 

2, 758 

150 

175 

410 

3,325 

1,275 

196, 750 



The nearest port of entry to Natchez is Vicksburg, Miss. 



IMPROVING MISSISSIPPI RIVER AT NATCHEZ AND VIDALIA, MISSISSIPPI AND LOUISIANA. 
NATCHEZ, MISSLSSIPPI (SURVKY). 

Money statement 

Amount allotted from act approved September 19, 1890 $1, 500. 00 

June 30, 1«91, amount expended during fiscal year 1, 385. 31 

•July 1, 1891, balance unexpended 114.69 

{ Amount that can be profitably expended in fiscal year ending June 30, 1893 250, 000. 00 
-J Submitted in compliance with requirements of sections 2 of river and 
( harbor acts of 1866 and 1867. 
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Tho report of ABsistaiit Euginoer H. S. Douglas on the survey accoinpauif^s and 
forms a part of this report. 

John Miuji^ 
Firat LUut. of Enyineen. 

Col. C. U. COMRTOCK, 

Corps of KiHjhtrera, U. S. A., 

Fresulent Missinsippi River Commission, 



REPORT OP MR. H. S. DOl'OLAS, ASSISTANT ENGINEER. 

New Orleans, La., June 90, ISSl 

Sir: I have the honor to submit the following report upon the survey of the MU- 
sissippi River in the vicinity of Natrhez, Miss., and Viclalia, I^a. * 

The length of river to be surveyed (about 18 miles) and the amount allotted liir 
the purpose bore such relation that it was necessary to cover the greatest amoaut d 
territory with the least possible expenditure of money. In consequence the meth«nb 
pursued, while giving generally good results, were not of an extremely accunitt- 
character. They were : 

A transit and stadia traverse line on magnetic meridian of either bank, such to- 
pography as was essential being located in the same way. These traverse lines vf re 
tied onto angles in the existing old levees and to the stone lines of the CommiHsinD 
where possilile, to identify the Hues for comparative purposes. Twelve sectioas of 
theriver wereHminded, thesonndiugs being located by the intersections of ranged lint'^ 
nnd transit angles, which method gives results containing a certain element of ina< - 
curacy. A line of levels was run across the neck of land betwcsen Giles and Co^prL 
bends, and a line for a levee to prevent the flow of water across the neck wasst^iKHl 
out. All levels were connected with the zero of the Natchez gauge and soundin^'^ 
reduced to the same plane. 

The following is a summary of the work done: 

Length of traverse line miles.. 41 

Length of level lines do... 1'' 

Number of soundings taken uutl h>cated 5*^'> 

Area covered by survey square miles.. K' 

For comparative purposes the survey made by the Mississippi River Commission in 
February, 1883, has been used. The comparison shows the iollowing changes: 

On the upper side of the neck in Giles Bend the bank is caving for a distance of 
30,000 feet. The maximum recession of the bank in this bend is 1,600 feet. The 
total area of land destroyed by the caving of the river banks is about 661 acr*^. 
which multiplied by the average depth of the river below the bank givea 86,000,OHi 
cubic yards of material removal by the a<'tion of the river since February, 1883. 

The next material change noted is on the west bank of the river in the Marengo 
Bend. Here the length of bank where caving has taken place is 30,000 feet. Tue 
maximum recession of bank is 4,500 feet, and the area of land destroyed is about l.H<G 
acres. The amount of material removed by the action of the nver since 18i© i" 
about 193,000,(X)0 mibic yards. The lower end of the Marengo Bend is at Palo Alto 
Point, about 2 miles above the town of Yidalia. In 1884 the rapid caving on the 
upper side of tho point caused apprehension that the river wouhl cut its way through 
and possibly destroy the town of Vidalia. A survey was made, and the^alariu :it 
that time considered well founded. Work to prevent further erosion of the hunk 
was recommended, but nothing was done. Since that time the channel of tb** um't 
has slightly changed, and the rate of caving on the upper side of Palo Alto Point 
has decreased to such an extent that there does not appear to be immediate daiit^t-r. 

No considerable change is shown in the bank lines at oilier points, but at th** 
lower end of the town of Vidalia some caving has taken place within the last 2 year*. 
The extent of the caving at this point is not very great, but on account of exijensiNt* 
improvement's on the immediate bank and tho greater value of land, it has cxtit^tl 
more interest than elsewhere. 

I think that the great danger now threatening the harbors of Natchez and Vidalia 
is tho possible cut-oft' through the neck of land between Giles Hend and Cowpen Beml 
Such a cut-off can not possibly be beneiicial and is reasonably certain to be iiyurioTifs 
perhaps destructive, to the river commerce of both cities. Tlie extent of such injnn 
or the exact results can not now be definitely stated. It would bo likely to cause the- 
total destruction of the present site of Vidalia and create a sand bar in front of Natchez. 
But this would not be the possible extent of the in jury to the country in the vicinitv 
The line of levels run across the neck at abont the'tinie when the river was rising and 
overflowing the natural bank showed a fall of 3.42 feet in 4^100 feet, the distance acroa 
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the neok. It is absolutely certain that this ereat slope wonld not remain in the limited 
distance mentioned; but wonld be prorated over a long distance above and below the 
cnt-off. Increased slope means increased velocity, and increased velocity causes the 
more rapid caving of the river banks. Levees now considered reasonably permanent 
will be destroyed and have to be replaced by higher and more expensive embankments. 
When it is remembered that the King Point Cut-off, which occurred in 1884, is but 
a few miles above, the effect of both can be surmised. It will practically destroy 
the river front of Concordia Parish for levee purposes, as the Palmyra and Centen- 
nial cut-ofis have destroyed the iront of Tensas Parish. The actual damage that 
would be caused by the prospective cut-oft' can not be stated, oven approximately, 
but it would undoubtedly be far greater than the cost of such work as would be 
necessary to prevent the cut-ofi' across the neck of laud between Giles and Cowpen 
bends. 

Very respectfully; your obedient servant; 

H. S. Douglas, 
Asmlant Engineer, 
Lieut. John Milus, 

Corps of Engineers, U, S, A, 
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